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1. EXECUTIVE SUMMARY

This final report covers all four tasks of a project to revise and
Verify experimentally the spreading, movement, dissolution, and dissipation
models for lighter-than-water insoluble &hemica]s of the Hazard Assessment
Computer System. The report documents (i) the analysis, development, and
verification of the final form of the mode]s, (2) experimental procedures
and representative test data, and (3) liétings and flow charts for the com-

puterized models.

|
|
I Background
|
Analytical and combuter models haQe been developed previously for the
U. S. Coast Guard for use in predicting tﬁe spreading, evaporétion, and disso-
lution of a lighter-than-water insoluble khemica] spilled into a waterway.
A later independent study found that the hodels contain a number of serious
deficiencies: ‘ %
|
1. Only instantaneous spills are treated in detail, and the con-
tinuous spill model neglects m?ny important effects.
2. Effects of currents and winds bn the spreading processes are
neglected. : i
3. Spreading of the slick is not &oupled to the loss of mass by
“evaporation and dissolution. i
4.‘ The evaporation and disso]utioh models are hased upon guestion-
able mass-transfer assumptionsi
5. Movement of the slick by windsL currents, and waves is not
included. j ‘
6. None of the empirical constant% in the models have been veri-
fied experimentally. |
For these reasons, the Coést Guard has sponsored the present program to
correct the indicated deficiencies and to,validate the revised models ex-

perimentally.
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1.2 Program Tasks

1.2.1 Literature Review and Reformulation/Revision of Models

The literature review on spreading, evaporation, and dissolution of
floating chemicals performed for this task -concluded that major revisians
to the models were needed to treat continuous spills and spills in a current.
More realistic evaporation and dissolution models were also indicated. Since
the methods used in the existing models did not generally represent the best
available state-oi-the-art techniques and, further, the models could give
unreliable predictions for many types of spills and chemicals of interest,
only the existing model for an instantaneous spill in calm water could be
retained, and it had to be modified to account for mass loss by evaporation
and dissolution. MNew or modified models were indicated for all other cases
of interest.

In summary, the following new or modified models were developed:

Instantaneous spill in a current;
Continuous spill in calm water;
Continuous spill in a current;

‘Rate of mass transfer by evaporation;
Rate of mass transfer by dissolution; and

D N W -

Movement of slick.

In addition, all the spill models now include the effects of a loss of mass.
The models are also in a form suitable to treat spills in channels, rivers,
lakes, and coastal waters. The waterway current can be constant, or it can
be made to vary in time or spatial position, or both. The wind can be speci-
fied as constant or as a function of time. In short, the revised models can

be used for nearly every practical combination of chemical properties, water-

way type, chemical spill discharge rate and duration, and spill volume.

The models have been programmed for computerized solution, and pro-

gram listings and flow charts are given in this report.
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1.2.2 Experimental Design

In order to provide data to verify the models, an extensive test
program was designed. The program was organized into two separate types
of tests: (1) the spreading of large-scale spills in water with and with-
out a current, and {2) the determination of evaporation. and dissolution mass-
transfer rates for non-spreading, floating spills. A sensitivity analysis
of the models was conducted to aid in the test design. This analysis re-
vealed those parameters that have the most influence on the spreading, evapo-
ration, and dissolution predictions and therefore should require control and
accurate measurement. The test plan was approved by the Coast Guard.

1.2.3  Data Collection and Analysis

Tests of the spreading dynamics of spills were conducted in two
facilities:

1. A specially-constructed outdoor basin, approximately 18 meters
square by 0.3 meter deep, in which large cuantities of chemical could be
spilled instantaneously or continuously in water without a current, and

2. A modified indoor c%anne], about 14 meters long and 2.5 meters

wide, in which the spreading of continuous spills in various currents could
be conducted. ‘ '

Over one hundred spreading tests were conducted in these facilities. The
primary data measured were the size and shape of the slick as a function

_of time.

Tests to determine mass transfer rates due to evaporation and disso-
lution of floating chemicals were conducted in two different facilities:

1. A specially-constructed environmental wind tunnel, in which
winds up to 5 meters/second could be blown over chemicals floating in a
pan about 0.4 meter wide by 1.2 meters long, and

2. A wind-wave tunnel ‘at Flow Pesearch, Inc. (Kent, Washington),

in which floating chemicals could be subjected to the simultaneous influ-

ence of wind and waves.
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About fifty evaporation and dissolution tests were conducted. Detailed
concentration measurements as a functinn of wind speed and wave charac-
teristics constituted the primary data measured in these tests.

1.2.4 Revision and Demonstration of the Models

In this task, the models of spreading, evaporation, and dissolution
of instantaneous and continucus spills were compared to the data from a few
tvpical tests, and the "best”" values c¢f each empirical constant appearing in
the models were selected. The results of the remaining tests were then used
as independent data for model verification. Generally good comparisons were
obtained between the test data and the models.

It is concluded that the revised models are satisfactory for use in
the Hazard Assessment Computer System. Some further experimental and ana-
lytical work is recommended to increase the applicability of the models:

-4

0. dissolution of slick into the water caused by wave action;

o] slick formation for a continuous spill when the net
transport veiocity is very small;

o anomalous behavior of some chemicals for some spill

conditions;
o long-term movement and breakup of the slick in open
vater.
3
! |
!
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IT. INTRODUCTION

As part of the Hazard Assessment Computer System of the Chemical
Hazardszespohse Information System, models have been developed previously
to predict the spreading, evaporation, and dissolution of lighter-than-
water insoluble chemicals spilled in waterways from accidental punctures of
skip tanks ([1], Models 3, 8, and 10; [2], Models II and IV). Since the
models are uced both for contingency planning and for the evaluation of
accidents in progress, they were formulated in a gehera] enough way to treat
spreading, evaporation, and dissolution processes without requiring a com-
plete description of water velocity profiles, bottom roughnesses, waterway
cross-sections, puncture shapes, and other data that are unlikely to be avail-
able in practice. As a result, the models are more idealiéed than a corre-
sponding model developed specifically for a giver spill and waterway would need
to be. Critical reviews [3,4] have shown that, even so, the models are
overly limited in scope and contain errors. in their basic physical repre-
sentations. Therefore, the Coast Guard has sponsored the present prdqram
to correct the indicated deficiencies and to validate the revised models
experimentally.

The previous reviews [3,4] and the review conducted as part of the
present work have concluded that the current HACS models are deficient in the

following ways.

Spreading Processes

1.  Only instantaneous spills are treated in detail.

2. The continuous spill model neglects many important effects
and predicts absurd results for a chemical whose density is
nearly tﬁe sanie as water.

3. The effects of currents and winds in altering the dynamics
of the spreading and the shape of the slick are neqlected.

4. The model describing the sprieading of low-viseosity chemicals
is based upon unrealistic assumptions.

5. Spreading of the slick is not coupled to the lno, of mans by

evaporation and dissolution.




o

~ 6. The empirical constants in the models have not been verified

experimentally.

Evaporation Processes

1. The evaporation mass transfer coefficients used in the models
apply strictly only te smooth flat plates.

2. The latent heat of evaporation is assumed to be supplied by
the underlying water and the chemical itself, neglecting the
much larger heat transfer from solar radiation and from the
air to the slick. Evaporative cooling of the chemical and the
water is substantially overpredicted in most cases as a result.

Dissolution Processes

1. The dissolution mass transfer coefficient, which is derived
from empirical data on the absorption of gas into water, is
not relevant for the dissolution of insoluble chemicals.
(It is recognized, however, that the prediction of dissolution
of an "insoluble" chemical in a waterway with wind, current, and
waves is a formidable task and that a simplified mod21 is neces-
} .

sary.)

Slick Movement

1. Movement of the chemical s]ick‘by winds, currents, and waves

is not included in the madels.

Because of these deficiencies, the use of the available models is
limited to instantaneous spills in channels or in unbounded, open expanses
of water, without currents, winds, or waves. Even for the small range of
cases where the models can be used, the predictions are not always reiiable
because of the use of empirical constants that have not been experimentally

verified.




. s e s e-e s s - e W S WA AT e e~

[ e = R I e e L

The present program was designed to reformulate the models in the
light of the above crriticisms and to validate the models experimentally.
The program efforts were arranged into four tasks.

Task 1 - Literature Review and Reformulation/Revision of Models

For this task, the spreading-evaporation-dissolution-movement models
for lighter-than-water insoluble chemicals were reformulated to remove the
limitations and to correct the dgficiencies listed above.

Task 2 - Experimental Design

For this task, a set of experiments was designed to validate the
reformulated models. Emphasis was placed on the spreading dynamics of
instantaneous and continuous spills and on the evaporation and dissolution
processes of floating chemical slicks.

Task 3 - Data Collection and Analysis

For this task, the experimental program designed in Task 2 was exe-
cuted. The spreading of bath instantanegus and continuous spills was in-
‘vestigated in calm water and in a flowing channel, using large-scale facil-
ities at Southwest Research Institute. Mass transfer coefficients for evap-
oration and dissolution of floating, insoluble chemicals were determined
from wind tunnel tests at Southwest Research Institute and from wind-wave
tunnel tests at Flow Research, Inc. at Kent, Washington.

Task 4 - Revision and Demonstration of Mathematical Models

For this task, the reformulated models were compared to the experi-
mental results and revised as indicated by the comparisons. Each model
was also computerized and documented.

This report is generally organized in agreement with the four tasks;
the major exception is that the model revisions indicated by the test results

are incorporated in the descriptions of the models at the time they are first

.given, All the data from the tests are presented in the companion Test Data

Volume of this Final Report.

------
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III. REFORMULATION OF MODELS

IIT.1 Background and Common Assumptions

The models developed in this report are based upon a number of assump-
tions that have been made primarily to eliminate the need for detailed de-
scriptions of the waterway and the spill, rather than to simplify the basic
physical phenomena. To avoid repetition, the assumptions common to all the

. models are listed together here.

Waterway Assumptions : !

W.1 If the waterway is a river or channel, the width is constant.
The surface current can be a function of time but, at any time,
it is the same at all points along the surface. If the water-
way is a lake or coastal water, the current can vary over the
surface in a discrete fashion as well as with time.

W.2 Blockage and interference effects due to the presence of the
cargo ship in the waterway are neglected.

Spill Assumptions

SP.1 A continuous spill is characterized by a constant mass flow
rate, a specified spilling duration, and the relevant physico-

chemical properties.

SP.2 An instantaneous spill is characterized by the total mass of
chemical released and the relevant physico-chemical properties.

Spreading Assumptions

Si1  Details of the spill source, such as the puncture size, the dis-
charge velocity, and the location of the puncture with respect

to the watertine, are neglected.

WD
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S.2 The variation of physico-chemical properties, such as the
spreading coefficient, as the chemizal dissolves into the
water is neqlected.

Evaporation and Dissolution Assumptions

E.1 Mass transfer on both sides of the air-water-chemical interface
is described by a convective process based upon boundary layer
theory.

.2 Sufficient heating of the slick from the surrounding environ- ,
ment (solar radiation and heat transfer from the air and the
water) is assumed such that the temperature change of the

~ slick from evaporative cooling can be neglected.

The consequences of these assumptions are not severely limiting.
The waterway assumptions imply only that localized effects cannot be pre-
dicted. The spill assumptions are all physically reasonable. The spread-
ing assumptions imply that the dynamics of the spreading cannot be predicted
in detail at points very close o the source, but this is acceptable since
floating spills typically spread over large areas and the potential lack of
an accurate spreading-rate prediction near the source is therefore not of
c¢rucial importance. Assumption E.2, concerning the smallness of evaporative
cooling, has been made to eliminate the need for a cbmpiicated heat transfer
model. (For very volatile or cryogenic chemicals, which are not of interest
here, the assumption may be invalid.) Dﬁssolution, as computed on the basis
of boundary layer theory (assumption E.1), may account for only a small part
of the mass transfer into the water when droplets of the chemical are dis-
persed directly into the water by the action of the waves. In addition,
other kinds of diffusion processes may be important for those chemicals
that have an affinity for water at the molecular level, even .hough they
are insoluble. Thus, of all the models developed here, the dissolution model
is the most idealized. However, there are no models available at this time
that can describe more realistically the actual dissolution processes that
occur for a floating slick of insoluble chemical in the presence of winds,

waves, and currents.

10
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The analytical models used to predict the spreading, evaporation,
dissolution; an” movement of continuous and instantaneous spills are pre-
sented in Sections III.2 through III.5. Table I11.1 summarizes the pre-
sentations and can serve as a guide for reference.

II1.2 Spreadirg Models

I11.2.1 General Discussion

The venting rate model of the Hazard Assessment Computer System has
been revised and validated [5,6], and it may be used tc estimate both the
total amount of cargo released into the waterway and the duration of the
discharge. (Discharges of moderate duration, say about 10 minutes, can be
analyzed as a continuous release, but in the computerized version of the
models, recommendations, based on physical considerations, are made in the
output as to whether such a spill should be analyzed more abpropriate]y as
instantaneous.) Knoﬁing the anount of chemical discharged and the discharge
duration, spreading models are needed to predict the size and sbapé of the
floating slick and how the size and shape change with time. Models are
developed below that can be applied to rivers, channels, lakes, and cnastal
waters to make the required predictions. In general, only calm water with
or without a current will be treated; waves may alter somewhat the rate of
spreading predicted for caim water, but these effects are beyond the present
state-of-the-art. The spreading models aiso provide a convenient center
about which to make mass balances of the spilled material.

‘ In the past, two different methods have been used to formulate spread-
ing models [7,8]. In one, the forces tending to promote and to retard the
spreading are determined from physical laws, and the spreading models are
deduced from the balence of the forces. In the other, the spreading is
merely hypothesized to be similar to turbulent diffusion, and the spreading
law is formulated using the principles of Fickian diffusion. The first
method is chosen here for several reasons:

1. The dynamical basis of the diffusion models is obscure [8].

Spreading by Lurbulent diffusion is physically justifiable

11
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TABLE III.1

GUIDE TO ANALYTICAL MODEL DEVELOPMENT

“[TCURRENT ~ 1 eprrs .
WATERWAY | anp winp_ | °PTLL TYPE - DESCRIPTION |
Channel Zero or , One-dimensional
or Non-zero Instantaneous | spreading model
River
Channel One-dimensional
or lero Continuous spreading model
River '
Open Zero or Radial spreading
Water Non-zero Instantapeous model
Open , Radial spreading
Water Zero Continuous mode
Chanrel One-dimensional spreading
or Non-zero Continuous with effects of current
River included ‘
Open . , : Elongated triangular
Water Non-zero Continuous “spreading model
Chag:el Non-zero Instag:aneous Evaporation rate
River wind Continuous mode]
Open "Non-zero Instag:aneous Evaporation rate
Water wind Continuous ‘mode1 |
- e m e e e m— -
Chag:el Non-zero Instag:aneous Dissolution rate
River wind Continuous model J
Open Non-zero Instagianeous Dissolution rate
Nater . wind Continuous model
Channel Instantaneous
or Non-zero or Slick movement mode!
River Continuous
Instantaneous :
3pen Non-zero or Slick movement model
ater .
Continuous
17
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only for "passive" substances that dissolve in water and be-
come indistinguishable from it (except for “marked particles").

2. Methods for predicting diffusion coefficients for the surface
spreading of insoluble, floating chemicals are not available.
Most work in the past has been after-the-fact curve fitting
to the observed spreading rates of large-scale spills in open
water [7,9,10].

A third approach combines both types of models [11,12], but this does not
avoid the problem of finding diffusion coefficients. The models developed

in this report are based upon the first approach mentioned above. Such models
are capable of being interpreted physically and lead to expressions contain-
ing a minimum of empirical constants; in addition, the empirical constants

can be determined readily by laboratory-scale experiments.

I11.2.2 General Description

The revisions that have been made to the previous spreading models
[1,2] consist of:

adding realistic models of continuous spills;’

0 including the effects of current and wind on the shape and
the spreading of continuous and instantaneous spills; and
0 including the effects of a loss of mass from the spill

(evaporation and dissolution).

In ad4ition, the models have been put in a form that permits a ready solu-
tion when a loss of mass occurs. The empirical constants in the models have
been determined by experimentation, in some cases for the first time, and in

a1) cases by the use of larger spills than had previously been used.

111,23 Instantaneous Spills

The developent of predictive methods for instantaneous spills is

exemplifiocd by Fay's work [13], which has since been expanded and modified

13
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by others [14,15]. Earlier Blokker [16] had considered some parts of the
same problem. The final forms of the models used in the present report are
similar to the modifications suggested by Mackay [17].

Figure III.1 shows several stages in the idealized spreading of a
floating, insoluble chemical in an open body of calm water without a current.
The spill is assumed to occur instantaneously. Ouring the time period when
the slick is relatively thick, gravity (i.e., buoyancy) causes the chemical
to spread laterally. As can be seen from Figure I1l.la, there is unbalanced
force, Fg, directed radially outward around the non-submerged part of the
periphery of the slick; the magnitude of the force is roughly:

Fg = 2R [ % pogh? (1-pp/0)] (111.1)

Here, g 1is the acceleration of gravity and the other gquantities are de-
fined in the figure. Because of the unbalanced force, the spilled chemical
rapidly attains a fadial velocity that can be estimated roughly as R/t,
where t is the elapsed time since the spill occurred. The average accel-
eration of the spilled liquid is thus R/2t%. Fay [13] hypothesized that,

in this early phase, the gravitational spreading force is balanced almost
entirely by the inertial force associated with the acceleration of the slick.
Thus:’

2nR 3 pygh’ (1-00/D)I oz Py (TRZM) (R/2t7) (111.2)
Solving for R as a function of time gives:
R = Ky (V, ga)® ¢ (111.3)

Here, Kjg 1s a constant of proportionality, V, = wR*h is the volume of
the spill, and A = 1-p0/p.

At some later time, the acceleration of the spill will have decreased
significantly because the viscous draq of the water on the slick will have
becune predominant; see Fiqure 111.1b. The viscous drag can be estimated
as follows. The thickness & of an unsteady, viscous boundary layer is

14
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roughly (uwt/pw)k, and the viscous shear at the water-chemical interface ' P
is about p, V/5. The velocity V will again be approximated as R/t.

During this period, the balance of gravitational and viscous drag forces

is thus:

2R % pogh? (1-ng/p)| e 17 1y (R7t)/(ny t/p) %] (111.4)

Solving for R as a function of time gives:

R = Kyg fvo"gr,}/ " ot (I111.5)
where w, = u,/p is the kinematic viscosity of the water. A factor of
(po/p)»s in Equation (I11.5) has been neglected on the basis that it is
close to unity. In fact, in all the spreading models, p, and p will

be assumed to be interchangeable except when their ratio is subtracted

from one (i.e., except in A). Equation (III.5) is strictly valid only when
the thickness h of the slick is less than the thickness & of the boundary
layer, When this is the case, the slick appears to move as a “"slug". The
flow in the slick is undoubtediy of the slug type when the viscosity wug

of the spilled material is much greater than p,, but Buckmaster [18] has ' |
shown that a slug flow is the type of flow that occurs even when py < py,

so long as ug/y, > 0.1 or so. Since uo/uw > 0.1 includes all chemicals
of interest to the Coast Guard, a separate "low viscosity" spreading model
such as given in [1] is not developed here.

At some point, the slick becomes so thin that gravity forces are
negligible. Then, the relatively small interfacial tension at the periphery
will be the dominant spreading force. From Figure III.1lc, the net spreading
force is now roughly 2mR (04, - 095 - Ogy) = 27RO, where o is the "spread-
ing coefficient". Here, o is assumed to he positive, although negative
values are also bossible; the case when o < 0 will be discussed later.

The balance of forces is:

2iR0 &R, (R/L) / (iyt/p) ] (111.6)

Solving for R .as a function of time gives:

16
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R - K30 (/s vw) t (111.7)

Hote that in this phase of the spreading, the rate of spreading is indepen-
dent of the spilled volume. But since the time at which Equation (I11.7)
becomes applicable depends on the spilled volume, the magnitude of R is
actually an implicit function of V,. It is also worth noting that Equations
(I11.1) - (111.7) apply even when the volume V, itself changes with time,

as it would for a continuous spill or when evaporation and dissolution occur.

The approximate e apsed time when one phase of -spreading ends and
another begins is assume ! to be the time when the preceding and the succeed-
ing phases predict the same slick radius [13,14,15]. Thus, the end of the
gravity-inertial phase, and the beginning of the gravity-viscous phase, can
be found by equating (II1.3) and (I11.5) to give:

o i, L
ty = (Kpp/Kyg) [Vo/u9n] (111.8)
Likewise, the beginning of the surface tension-viscous phase occurs at
K "2
ty = (Kpg/K30) [Vy »' ngt/o’] (I11.9)

In the surface tension-viscous spreading regime, the slick is ex-
tremely thin, on the order of 10-5 to 10-4 meters, according to the experi-
ments to be described later. The evaporation and dissolution from such
thin slicks is negligible; that is, a-thin slick would rapidly disappear
if the evaporation and dissolution weve not negligible. Most of the hazards
are presented by the earlier phases of spreading (the so-called "thick
slick"). Thus, in the instantaneous models developed here, the "thin“ or
surface tension-gfavity slick will be neqlected. Further, the end of the
first phase (the gravity-inertial phase) of the spreading occurs soon after
the spill occurs, in comparison to the total time duration over which the
thick slick spreads. In addition, the spreading during the first phase is
somewhdat dependent on the size of the puncture in the ship tank, whether
the puncture is submerqged or not, and other details of the source of the
spill that camnot be included in the model. for those reasons, the qravity-

inerLial phase of the wpreading i< only included in Lhe model as an initial

17
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condition on the gravity-viscous phase. Since the gravity-viscous phase
constitutes the qrest bulk of the thick slick spreading time, neglecting
the details of the gravity-inertial phase is not a serious limitation to
the model.

When mass is lost from the spill by evaporation and dissclution, the
preceding formulation of the model is inconvenient, since V, is then a
function of time. For that reason, the model of gravity-viscous spreaaing
is rewritten as suggested by Mackay [17]. From Equation (1I1I1.5), the sur-
face area of the siick is: '

L.

o . . y
A= uKyg [vo'gA//‘M] t (111210)

The rate of change of the area with respect to time is thus:

dA _ ) N L
at - o KZO/ [VO)QA// \)w] t
. U T, 7
taw KZO/ [gAVO//\)w]. t (dVO/dt) (111.11)

Eliminating the time variable between Equations (II1.10) and (111.11) and

using the definition that My,cq = -ppdVo/dt gives:

d Sy L% Wby
df‘t- = & (r Kyg')? (g /5] b A

- (ﬁ1oss/poh) - (111.12)

This equation must be augmented by the initial conaition that A = Ay, ‘
where A; is the area of the thick slick at the end of the gravity-inertial
phase:

iz

The time at which A; occurs is given by Equition (111.%4):

| ) |
(Kop/Ky)" TV/97 ] ‘ (171.13b)

18
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Equation (II1.13a) is obtained by combining Equations (I11.8) with either
(IT11.3) or (1I11.5). A relation predicting the value of h(t) is also
needed; since pyAh is equal to the total mass in the spill, it is evi-
dent that: ‘

32 i ‘[&Ioss + oh (dA/dt)]/ooA (IT11.14)
with the initial condition that h; = V /A at time t;. Note that the loss

of mass is rieglected during the short period when the slick is spreading in

the gravity-inertial phase.

Models for a spill in a channel of width w, where the spreading
occurs one-dimensionally rather than radially, can be'deve1oped analogously.
Table II1.2 summarizes thesé one-dimensional and radial instantaneous-spill
models. The numerical values for the empirical constants, Cyg, Cpg, Kip»

.and  Kyg shown in the table will be discussed in Section V.1.

In the computerized models, the radial-spreading model is also used
to compute the initial phases of spreading of a spill in a channel. The
one-uimensional spreading model is used to continue the computations after
the slick has spread completely across the width of the channel (that is,’
after the effects of the channel boundaries become evident). The radial
and one-dimensional models can also be applied to spills occurring when
there is a current or a wind. The current and wind merely translata the
entire slick as a body without affecting the spreading. Motion of the slick

.is discussed later in Section III.5.

“When the surface tension spreading cnefficient ¢ 35 negative, the
models‘deve1oped above for the surface tension-viscous phase of spreading
are no longer applicable. In fact, a surface tension spreading phase does
not exist when o < 0, and the spreading ceases when the gravity force is
balanced by the inteffacial tension. At that time, the slick breaks up
into many smaller slicks, or "lenses" [19]. The main effect on the spread-
ing of the thick slick, which is the part of the slick of primary intefest
here, is that ;ho spreading may cease ab a somewhat larqer thickness than

when o > 0. The ulbimate thickness can be estimated [19] as

19
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i pimum - - ( -20/0091\);s ' (111.15)

For example, if o = -1 x 10-3 newtons/meter, o, = 900 kg/m?®, and A=0.1,
the predicted hyinimum 1S about 1.5 x 10-3 meters. It is recommended that,
when o < 0, Equation (III1.15) should be used to compute a minimum value of
slick thickness; this value can then be used as-an input to the computerized
model to account for the diminished spreading of the thick slick:

I11.2.4 Continuous Spills

The models described in Section [I11.2.3 for instantaneous spills are
readily modified to cover continuous spills when there are no currents or
winds. The spilled volume V, is merely replaced by the volume discharged
up to time t, i.e., by mt/p,. (Recall that the derivation of the models
did not require that V, be constant.) For example, Equation (II[.5) be-

. m¥ gal% %
R =K [(56) /”"wJ t (111.16)

(The constant of proportionality Ko7 is allowed for generality to be
different from Kyg, the constant in Equation (III.5)). When the models
are expressed in terms of areas, the resemblance to the instantaneous models
is even more clear. Table [I1.3 summarizes these models. Once again, the
model fof‘an open-water spill is used in the computerized version to predict
the spreading of a spill in a channel until the time when the spill éom-
pietely fills the width of the channel. (The numerical values of Cjy, Coy,
K11, and Kpp are discussed in Section V.1)

comes

One major difference between a continuous and an instantaneous spill
is that for a continuous spill the surface tension-viscous phase occurs simul-
taneously with the gravity-viscous phase rather than following it in time.
Thus, the part of the slick that is spreading in the gravity-viscous phase
(i.e., the thick slick) must supply the mass needed by that part of the slick
spreading in the surface tension-viscous phase (i.e., the thin slick). Al-
though Lhe apparent loss ol mass Trom the Lhick slick is small, the models do

account for it.  The method used iy Lhatl suggested by Mackay [17]. The thin
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slick is assumed to have a constant thickness h. Further, the initial area
of the thin slick is. assumed to be some multiple (Mackay suggests eight) of
the initial area of the thick slick. The rate of change of the thin slick
area, A, is also shown in Table II1.3. Since the experiments to be de-
scribed later did not attempt to establish the empirical constants of] the
surface tension-viscous phase, the constants suggested in the literature
[7,8,13,14] are used in the models. It is emphasized that the spreading of
the thin slick is used only to compute a relativel, small, apparent lioss

of mass from the thick slick so, these approgimétions used in developing thin
slick models are not a limiting factor in the accuracy of the models.

When there is a current or wind that transports the slick, the! shape
of a continuous spill is distorted and the previous models are not applicabie.
The upstream edge of the slick remains fixed to the source but the rest of
the spill is transported downstream. Thus, the slick is no Tonger symmetric
{one-dimensional or circular) about the source. Waldman, et aj. [7] has,
nowever, developed a model of a continuous spill in a current that is|adapted

here for a loss of mass. For a spill in open water, as an example, the down-
stream edge is assumed to be swept away from the source at a speed eqyal to
the current Uyg. (UT will also be made to include the effects of win?, as
discussed later.) The upstream edge remains attached to the source. |The
sides of the slick are assumed to spread laterally in accordance with one-
dimensional gravity-viscous spreading. The resulting slick has a triéngular
shape, with the vertex at the source and the base at the downstream edge.

To develop the model, it is imagined that a stream of instantaneous sdi]]s,
each of volume m 6t/2p, 1is transported downstream with a speed UT,§ and

the slick from each such spill spreads along a channel of width Uyt
perpendicular to the direction of the current. (The factor of one-half
accounts for the fact that only half the spill spreads in each directﬂon.)
The width W{(x) of the resulting slick at any downstream location x | can
therefore be derived from transforming the one-dimensional instantaneous-

spill spreading model as follows:

I
|
b2 l
|
i
t
|

N(X) =2 KZ] R I I t
Uy S)2 /T,
‘ b {/1, '
2 Ko7 Lan (0/20) /nTl Y. (111.17)
T R box o x=urt |
T / u .
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The initial conditions for the gravity-viscous phase can be derived similarly.
Waldman's type of model will not accurately represent the shape of the slick
or the area when the transport velocity Up 1is small compared to the gravi-
tationally-induced spreading velocity. When Uy 1is small, the slick will

not take the shape of a triangle with the vertex at the source, but instead
will be an ellipse that surrounds the source and extends somewhat farther
downstream of the source than upstream. This kind of spreading may arise when
there is a wind but no current, since only a small part of the total wind
contributes to Uy. The computerized models do not include such cases ex- ~
plicitly. It is suggested that they be treated by first setting Ur to zero
identically to compute the size of the slick as a function of time, and then
repeating the calculations with the true value of Uy to compute both the
downstream position of the slick and an estimate of the mass evaporated from
the slick. '

For a continuous spi]] in a chénne], the model assumes that the spread-
ing is in the downstream djreﬁfion. The upstream edge of the slick remains
attached to the source and the downstream edge is swept away by a combination
of spreading and transport. Thus, Urw ‘must be added to the dA/dt expres-
sion derived previously for a continuous spill in a chanrel without a current.

Table I1I1.4 summarizes the models of continuous spills in a current.
In the computerized versions of the continuous spill models, an appropriate
instantaneous spill model is used to continue the spreading predictions after
the discharge has‘stopped. For example, for a spill in open water, the in-
stantaneous spill model for open water is used with an initial area, thick-
ness, and mass equal to the final values of the slick from the continuous
spill. There may be a mismatch in the shape of the slick at the time the
switch is made, since the instantaneous spill assumes a circular shape while
a continuous spill in a current predicts a triangufar shape, but a more com-
plicated transition model is not believed to be warranted. After some time
has elapsed, the predicted shape of the instantaneous.spill is, in any event,
more in accordance with expectations. (The numerical values of Ci2> Cops

K12, and Kyy are discussed in Section V.1.)
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II1.2.5 Maximum Size of Slick

A11 the models must take into account the possibility that the slicks
attain a maximum possible size. For oil, it has been observed that spread-
ing eventually stops for a variety of reasons [7,8]. Experiments with pure
chemicals, as described later, show that althcugh the thin slick may never
cease to spread (when o > 0), the thick slick apparently stops spreading
when the average thickness is of the order of 10-4 meters. When the thick-
ness is less than 10~4 meters, the thick slick becomes indistinguishable from
the thin slick. Since the interest in the Hazard Assessment Computer System
is primarily in the thick slick, the spreading is assumed to stop when the
thickness of the thick stick is less than 10-1 meters. (In the computerized
version, the user has the option of changing.;he minimum allowable thickness
for the thick slick.) |

IIT.3 Evaporation Models

111.3.1 Discussion

In general, the mass and heat transfer processes associated with chem-
jcal spills in the enviromment wi]l‘be turbulent. For chemical spills which
float on water, the convective mass transfer associated with evaporation o
will be vy a turbulent boundary layer, The primary source of information
applicable to the present problem for spills on water is the literature on
air-sea interactions. The air-sea interaction research involves all of the
relevant mechanisms associated with chemical spills on open water. An excel-
lent review of the subject has been written by Coantic [20], and a recent’
collection of papers on the subject is contained in Favre and Hasselmann [21].

According to Resch and Selva [22], the fluxes for momentum and mass
transfer are given by

1o = ny Yy (C/2) (111.18)

Jo = py Yy (Cg - C ) Da (111.19)
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where 1, 1is the shear stress, 'pa the air density, V, the freestream
wind velocity, Cg¢ the friction coefficient, J, the mass flux, Cg the
mass fraction of chemical vapor at the surface which is assumed to be at
saturation, C_ its freestream value which is assumed to be zero, and Da
the Dalton number. From these equations the surface shear stress and mass
flux can be predicted if Cs and Da are known from theory. The other
quantities can be measured either directly or indirectly. From Schlichting
[23] and classical turbulent boundary-layer theory, the friction coefficient
for a smooth flat plate is

Cf/2 = 0.037 Re,"'/® (111.20)

.where Re; =V, L/va is the Reynolds number based upon the length, L, of
the plate. By Reynolds analogy from Eckert and Drake [24], the Dalton
number is

" Da = 0.037 R V/5 sc7/3 ' ~(111.21)

' where Sc = v,/D is the Schmidt number and D the molecular diffusivity of
the chemical in air. This Dalton number relation was used in [1] for the
calculation of mass transfer in the present HACS program.

The present flat plate boundary layer model in HACS is not applicable
to flows over water for the following reasons:

(a). According to Wu [25], the ocean is aerodynamically smooth only
for wind speeds of less than 3 m/s.

(b) A water surface is not rigid. '

(¢) Reynolds analogy i not valid for rough surfaces. Roughness
will increase momentum transfer, but heat and mass transfer may

diminish with roughness.
(d) A length scale L is difficult to define in an atmospheric

boundary layer.

The previous theoretical development for turbulent boundary layers is

based upon outer-scalc variables where Lhe ouler scales are Vg, Ly and the

27
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boundary layer thickness &.. The boundary layer thickness is related to

a
the longitudinal length scale by

SN + -

-1/5

83/x = 0.37 Re, (111.22)

T+e revised model for HACS jis based on inner-scale variables. Near
the water surface the velocity andiconcentration profiles are universal and
independent of the outer scales. Jhe fluxes away from the surface where
molecular effects are small are given by

T/py = = <uw> (111.23)

J/pg = <cw> ’ (111.28)

where the cross-correlation A<uw>:‘is also known as the Reynolds Stress.
In the layer outside the viscous shb]ayer the fluxes are constant and the
profiles are logarithmic. As a cohsequence of the constant flux hypothesis,

the profiles are |

]
|

u, = (U - Ug)/u, = A 20 (2,/24,) (111.25)
¢, = (C - Cg)/ey, = A Sty 20 (2,/25c4) (111.26)

where A = b is the reciprocal Yon K2-man constant, 20 the integration
constant or roughness parameter, Sct the turbulent Schmidt number,

z+'= zu,/v, u, and c, are the fr*ction velocity and concentration, and
Us and Cg are the surface values of velocity and concentration. The pro-
files in Equations (I111.25) and (111.26) are dependent only on the surface

roughness and not on any external length scale.

I11.3.2 General Description

The evaporation model for tﬁe HACS revision is based on inner-scale
variables in contrast to outer-scafe variables of the previous HACS model,
The new model has the following features and advantaqes:

o
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(a) No external length scale such as a spill dimension is required
for the calculation of Dalton number, Da.

(b) Roughness effects, i.e., wave height, are included. The flow
is defined to be rough at wind speeds above 5 m/s.

(c) Only standard meteorological and oceanographic data (that is,
air temperature, barometric pressure, wind velocity, sea surface
temperature, and wave height) are required as input data.

" (d) Wind velocity data are based upon a standard height of 10 meters.

Additionally, all the necessary physical property data for air, water,
and some representative chemicals have been included in the computerized model
to make the mass transfer calculations. Chemical diffusivities are required
for the Schmidt number in the mass transfer calculations, but this informa-

- tion is not included in the present CHRIS Hazardous Chemical Data files. A

detailed description of the mathematical models for the chemical properties
is contained in Appendix A with tables of the properties at standard condi-

tions.

I11.3.3 Evaporation Rate

A reciprocal Dalton number is calculated for mass transfer from a
theory by Kader and Yaglom [26,27] and Yaglom and Kader [28] which is given

by
Da, = A Scy #n &, + B (Sc, hy,) + 8 (111.27)

where 6, 1is the boundary layer thickness in inner-scale variables, 8 is
a universal function based upon Schmidt numbe- and the mean protrusion (wave)
height h,, and B8; 1is a constant dependent on flow geometry. For a boun-
dary layer 8; is 2.35. The Dalton number Da, is non-dimensionalized with
u, rather than V.. The inner and outer scale Dalton numbers are related by

Da = Da, (u./V,) (111.28)

Thus. the mass transfer calculation is accomplished in Equation (111.19) by
replacement of V,, Da by u, Dag,. The ¢ function for a smooth surface

?9




from Kader and Yaglom [27] is
7/1 !
B =12.5Sc” +A Scy #n Sc - 5.3 (111.29a)
and for a rough surface from Yaglom and Kader [28] is
_ . 2%
B =0.55 Vhy, (Sc™ -0.2) - AScy &n hyy + 11.2 Scy  (I11.29b)
Also, from [28] the turbulent Schmidt number, Sc¢, is 0.85.

l, A sample calculation of Dalton number for the evaporation of water
from a smooth surface is presented in Figure 111.2 where the Schmidt number
for water vapor is 0.593. The theory of Kader and Yaglom [27] is compared
to that of Street [29] which is a related theory. A review of these and
other mass transfer theories is presented in [30]. Also, for comparison,
the results of wind tunnel experiments [22,31] are also included in
Figure II1.2. The results in [22] are probably from smooth flow since their
wind speed was 3.5 m/s; however, some results in [31] are for rough flow.
Since no wave height measurements were reported for either set of experi-
ments, no comparison is possible with rough flow theory. The following
conclusions can be drawn from Figure 111.2:

(a) The scatter in data for evaporation experiments is large.

(b) The agreement between theory and experiment is poor.

(c) The theories of either Yaglom and Kader [28] or Street [29]
are adequate fbr the present application.

The only information required in addition to the meteorological and
oceanographic data for the calculation of mass transfer is the friction

velocity. The friction velocity is computed from the wind-stress coeffi-
cient as follows:

.=V, (Cer2)" (111.30)

where V,, is the wind velocity measured at 10 meters above "the water and
Cs/2 is the wind-stress coefficient.  Numerous models of wind-stress
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Figure 111.2. Comparison of Theoretical and Experimental Dalton

Numbers for Smooth Flow Over Water (Sc¢ = 0.593).
Open Symbols are for Wind Waves and Closed Symbols
are for wind and mechanical waves

31

-------




coefficient are available in the oceanographic literature. Some representa-
tive relations are summarized in Table 111.5.1 The equations selected for

this program are from Wu [25]
Cf/2 = (0.8 + 0.065 V,,) x 1073 (I111.31a)
for 1<V, <20 m/s and
x/s - 3
Ce/2 = ( 1.25/V,, } x 1072 (I11.31b)

for V, <1 m/s. In the computer program, the 1 m/s boundary between the two
values of wind-stress coefficient is set at 3.064 m/s. At this wind velo-
city the two wind-stress coefficients have the same value. In addition,

Wu [25] states that the flow is aerodynamicglly smooth for V, < 3 m/s.

The selection of Wu's model was arbitrary. waever, the Wu model is simple,
and it is similar to those of other investigators.

In the event that wave height information is not available, the wave
height can be modeled with the following relation from Van Dorn [34]

hy = 0.01384 V., (I111.32)

where V., s in meters/second and the mean wave height, h,, 1is in meters.
This equation is valid only for a fully developed sea; thus, it is an upper
bound for wind generated waves. With Equations {II1.31a) and (I111.32) the
wave height can be caiculated from the wind speed as an inner-variable scale.
The result is plotted in Figure III.3.

A plot of some of these relations is presented in [32,33]
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Non-dimensional wave length, hme
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Figure 111.3. Mean Wave Height in Law-of-the-Wall Coordinate for a
Fully Developed Sea as a Function of Wind Speed
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I11.4 Dissolution Models

111.4.1 Discussion

The dissolution model in the present HACS model is one which is valid
only in rivers and streams. Thé dissolution model included in HACS [2] was
developed by Fortescue and Pearson [35] for the dissolution of gases in flow-
ing water. A more recent model has been included in the revision.

For dissolution in open bodies of water such as lakes and coastal
waters, the mass transfer model described in the previous section has been
apptied to dissolution. The mass transfer process on the two sides of the
gas-liquid interface has been assumed to he the same. A boundary layer is
formed in the liquid by the transfer of momentum to the water by the wind.
Since the shear stress across the interface is assumed to be continuots, the
friction velocities in air and water are related as follows:

Uy = Usa (pa/p)% (111.33)

With this assumption, dissolutin of the cﬁemica] spill into the water can
be computed with the same equatidns as its evaporation into the air.

111.4.2 General Descripticn

The dominant effect in dissolution is the Schmidt number for the
chemicals in water, which is on the order of a thousand. According to
Shaw and Hanratty [36], the Dalton number for sufficiently large Reynolds
number and Schmidt number will reduce to

Da, = K s¢”" (111.34)

where 2/3 < n < 3/4 and K 1is a constant determined from experiment. As
the previous section states, information for Schmidt number is not included
in CHRIS. The description in Section I111.3.2 for evaporation is also valid
for dissolutinn. The length dimension for &, in Equation (111.27) must be
large compared to 6. and was assumed to be one meter.
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I111.4.3 Mass Transfer From Slica Into Water

The mass transfer calculations for dissolution in lakes, coastal
waters, and the open ocean are accomplished with the same equations as for
evaporation. From the wind velocity, the friction velocity in air is com-
puted from Equations (II1.30) and (II1.31a,b) and the friction velocity in
water from Equation (II1.33). The Dalton number' Da, 1is calculated from
Equations (I11.27) and (I1I1.29a,b) where the physical properties such as
Schmidt number, density, and viscosity are for water. Then, the mass
transfer in physical units is computed from Equations (II11.28) and (III1.19)
where the density is now the water density, Cq ‘now the water solubility
of the chemical invmass fraction of water, and the freestream concentra-

tion, C_ 1is zero.
o

The Dalton number for dissolution in a river or stream is calculated
from a formula recommended by Ueda, et al. [37] as follows:

Y '
Da, = 0.0626 Sc~ (111.35)

In this formulation, the Dalton number - Da, is based upon the friction
velocity for the bottom. No correlation for the friction coefficient for
rivers exists which is similar to that for wind stress in Table III.5. In
the absence of such a correlation, the following was applied from
Schlichting [23] for a completely rough regime.

(C/2)7% = Uo/u, = 5.66 Tog (2d/hg) + 4.92 (111.36)

where hg s Nikuradse's sand roughness, d ‘is the depth of the river,
and U s the mean current. - Also, Fischer, et al. [38] claim a reason-

" able assumption is u, = 0.1 Ue.

Shear stress veiocity cian easily be computed from Equation (111.36)
for a river; however, an estimate must be made for the bottom roughness.
Experimental iesults for various channels compiled from Fischer, et al.
[38,39] are summarized in Table I11.6 and plotted in Figure 111.4. The
data in Tigure 111.4 are compared with the snooth channel theory of
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Blasius for turbulent flow. A1l data, with the exception of Yotsukura and
Sayre [40] are consistent with a rough wall hypothesis. The averaqge value
of the shear stress coefficient, Cs/2, for the experimental data is

5.4 x 10~3 which corresponds to a relative roughness of 2d/hs = 34.4 from
Equation (II1.36). Thus, roughness height can be estimated from

hs = 0.0581 d ' (111.37)

whére'the mean depth, d of the river must be given.

I1I1.5 Movement Models

IT1.5.1 Discussion

Wind, waves, and currents affect both the shape of a continuous spill,
as was discussed in Section 111.2.4, and the drift or overall movement of
either an instantaneous or a continuous spill. Nearly all the transport pre-
dictions in the literature conform to the basic premises of the “Navy" model
[41] which states that the vector displacement AR of an element of the
slick is

-

AR - U’C At + K, Vw At + U, At (111.38)

Here At 1is the computational time period;"UE is any current that is not
produced by the wind; 'VL is the wind 10 meters above the water and K, is
a factor that relates the wind to the current produced by it; and U; is a
drift-current produced by any waves not directly due to the wind. The value
of the wind factor K, is subject to some dispute, but values of 0.05 to
0.04 are commonly accepted [7]. In the computerized models here, a value of
Ky = 0.035 1is used. The effect of waves in producing a net transport‘Current
ﬁ; is usually small and is neglected [7, 8, 42]. For the computerized
models deveioped here, the currents and wind values are supplied as input
data, as described below. Sets of typical data for selected bodies of water
of unusual importance can also be developer in advance, which is the method

used in the Norwegian "OILSIM" model [11].

39




8k

D J

I111.5.2 Rivers and Channels

For rivers and channels, either a constant current or a tidally-varying

. e LI PR
. &, 2
et ¢-.’ o

current can be used in the computerized models. Tidal currents are assumed
to be of the form

) . T2 1
Ue = Ug *+ Uj sin [.F (t‘*a)j ' (111.39)

where U, and Uy are the constant and the time-varying components of the
current, T is the tidal period, and a 1is a parameter chosen such that

the appropriaté phase of the tide will coincide with time t = 0 of the

spill initiation. The wind is assumed either to be constant or a specified
function of time. A time-varying wind is simulated by giving the wind speed
at up to ten different instants of time. ' '

Instantanecus Spills. - The slick formed from an instantaneous spil)

is transported in accordance with the motion of its centroid. That motion
is computed directly from Equation (111.38); however, only the component
of the wind aligned with the channel is used in the wind termm, 0.035 V,, At.

Continuous Spills. - Equation (111.38) is used to evaluate the trans-

port velocity Uy needed in the spreading model. Since a time-varying Ur

N LR AA LIRSS NI IR NSO SN S L AN S

is not permitted in the continuous-spill‘spreadinq models as formulated here,
a time-average 5} is computed whenever ﬁ; or V; is a function of time;

-“-l.‘.l

. the average 1s taken over the shorter of the spill duration or the tidal
cycle te give ‘

LBSi "

Up = Ug + 0.335 V,, cos © (111.40)

i where 8 s the angle the wind makes with the current direction.

K

; The slick formed by a continuous spill must remain attached Lu the

5 . . . . . . .

‘ source.  IE the curvent is tidal, and the reverse flow is significant, the

i sTivk is alTowed to move with the reyersed flow after the spreading has

: been accounted tor,  The condition used Lo determine the significance of the
40
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movement 55 whether the average value of Uy 15 greater or less than three-
tenths of the maximum value of Ur. When Ur > 0.3 (Ur)paximum» the back-
and-forth motion of the slick is small compared to the overall dawnstream
motion of the leading edge, and the reversed motion of the slick is neglected.
When Ut < 0.3 (Uf)paximum» ON the other hand, a definite reverse motion of

the slick is noticeable, and the slick may move upstream of the source
temporarily. In the computerized version, the motion of the leading and
trailing edges of the slick for this latter case are approximated as:

REOPIFES NN WA NN

82 = AA/2w + U 4t (II1.41a)

[

AZyo® -0A/2w + Up At _ (I11.41b)

Here AA is the change in area caused by the spreading (computed from the
average UT) over the time interval At. If Equation (II[.41b) predicts
that 24, > 0 (where 24, = L Azy, summed up to the time of interest),
the computerized model sets 2z;, = 0 since the trailing edge of the slick
l cannot move downstream of the source. (That is, a tidal current may trans-

X port part of the slick back past the source but it cannot separate the slick
: from the source.)

- e *

« a_sw

| After a continuous discharge has ceased, the subsequart motion of the
slick is treated similarly to that from an instantaneous spill.

IT1.5.3  Open Water

In the computerized models, two kinds of "open water“ can be speci-
fied: lakes and coasts. A lake can be further idealized as essentially
circular or rectangular, or the boundar} coordinates of the lake can be speci-
fied at up to ten locations to allow a more realistic description. Likewise,
a coast can be specified as straiqht or by qiving up to ten pairs of coordi-
nates to describe a more realistic shape. The wind can be specified either

as constant or as a function of time in a way similar to that described for

rivers and channels.  The current can be qgiven as 4 constant for the entire
Al
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':;» ....I.f“'...-‘ ."'.’ '-‘I v".";‘;'.':.'."._a.‘ .‘,‘-.':.:;2.;.‘.'.'.l-"s‘-'-'.‘.—'.'."-.'.s" R S Vo




body of water, or as a function of time (by giving values at up to ten in-
stants of time), or as a function of position {as described below), or as a
function of both time and position.

To describe a current as a function of position in the computerized
models, a grid is superimposed on the water-body description, as shown in
Figure II1.5. The x and y components of the currents must be specified
for each of the nine rectangular "boxes" (for lakes) or “"slices" (for coasts).
(The numbering system used in the computerized models is shown in the figure.)
If the current is also a function of time, the x and y components must be
given for each of the boxes or slices at up to ten instants of time.

Instantaneous Spills. - The movement of the slick formed from an in-

stantaneous spill is computed as a function of time from Equation (111.38)
until the edge of the thick slick arrives at a boundary of the open water.

Continuous Spills. - For a continuous spill, the time-average value

of Uy for the box or slice containing the spill source is used in the
spreading models to compute the spreading rate. The positions of the lead-
ing and trailing edges of the slick are computed, howeveir, from the currents’

. appropriate to their positions whenever the current is a function of posi-

........

tion. The method used is similar to that described previously for tidal
currents in a river or channel. This can lead to some discrepancies between
the area of the slick, the width of the slick, and the positions of the
leading and trailing edges, but the computation described is the best that
js possible unless a much more complicated spreading model is used.

The dynamics of the spreading are computed as a function of time
until the leading edge of the thick slick arrives at a houndary. After a
continuous discharge has ceased, the subsequent motion of the slick is
treated similarly to that from an instantaneous spill.
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11I1.6 Effects of Spill Parameters on Model Predictions

?

I111.6.1 Discussion

The spreading, evaporation, dissolution, and movement models contain
a large number of parameters. In order to demonstrate the use of the models
and the importance of various parameters, the effects of four of the more
important parameters are investigated: volume of chemical released or dis-
charge rate; chemical density; currert; and wind speed. These parameters
are varied about a "standard" set of parameters for a spill in a large water
body. The standard chenical is chosen to have the same properties és octane,
with the exception of density. Octane is nearly insoluble (its maximum solu-
bility is 0.02 kg/m®), so the effects of the parameter variations on dissolu-
tion are small in comparison to their effects cn evaporation; this behavior is,
however, typical of most of the chemicals of interest to the USCG.

IIT.6.2 Instantaneous Spilis

An instantaneous spill is assumed to occur in a large body of water
having 3 depth of 100 meters and a current of 0.51 m/sec. The wind speed

is 3 m/sec oriented at 19.7° with respect to the current. The chemical has
a standard density of 800 gg/ma, a vapor pressure of 13.92 millibars, and a
spreading coefficient of 3.42 x 103 Newton/meter. The standard volume of

chemical spilled is 60 m?.

Figure II1.6 shows the variation with time of the area and the thick-
ness of the slick as a function of the spilled volume. In all cases, the
area increases rapidly at first when the spill is relatively thick, followed
by a longer period when the spreading rate is much slower. (The gravity-
inertial phase Jasts about two minutes, at which time the standard arca is
about 1 x 10% m2. Most of the spreading therefore occurs in the gravity-
viscous phase, in accordance with the assumptions used in developing the
models.) The rate of spreading throughout clearly depends on the spilled

volume. In the absence of evaporation, the areas at any time should he in
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the ratio of the spill volumes to the two-thirds power, as shown by Equation
(I11.10). In fact, the curves show that this ratio holds approximately
during the time when the spill area increases even when evaporation occurs.
The slick areas eventually decrease as a result of evaporation; more will be
said about this effect below. The slick thicknesses decrease uniformly,
although even after two hours the thicknesses are still well above the cut-
off value of 1 x 1074 meter. ‘ '

Figure I11.7 shows the effects of varying the chemical density when
the spilled volume and the other parameters are held constant. Again, the
variation is roughly in agreement with Equation (II1.10) during the time
when the areas are increasing. But, as shown by the curves for p, = 800
kg/m*® and p, = 900 kg/m?, “and even more significantly for the unrealistic
case of py = 100 kg/m®, Equation (II1.10) is not capable of predicting
the correct trend when evaporation becomes dominant. The less-dense chem-
icals spread more rapidly initially and thus experience a higher rate of
evaporation; thus, the higher evaporative losses for them cause the rate
of spreading to slow earlier.

The effects of wind speed are shown in Figure II1.8. Since higher
wind speeds increase the rate of evaporation, the trend of these curves is
similar to that shown in Figure III.7 for density variations. The curves
for the extreme wind speed of 30 m/sec show the trend most clearly. (The
range of wind speeds for which the models are expected to be applicable will
be discussed Tater.) '

The effects of varyiﬁg the current over a factor of one-hundred (i.e.,

from 0.051 m/sec to 5.1 m/sec) give a trend similar to the wind speed varia-
tion, but the magnitudes of the area and thickness changes are much less and

therefore are not shown here. It is concluded that the current has only an
indirect effect on evaporation. Of course, the movement of the slick is
directly related to the current. ‘

Figures I11.6, I11.7, and I11.8 all showed that the rate ¢f spread-
ing eventually became necqative as a result of evaporative losses. Such be-
havior is probably physically incorrect, because as long as the stick is
thicker than the cutoff value (1 x 10-% weters), it should continue to spread
in the gravity-viscous phase although at o rate slowed by evaporation. This
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lack of physical reality in the late-time predictions is caused by the uze of

a "lumped" mass model rather than a differential model. For example, the

dA/dt expression given in Table I11.3 is based upon a constant thickness h

for the entire slick. In reality, h is greater near the|center and approaches
the minimum value (1 x 10-4 meters) near the edges. Incorporating the varia-
tion of h in the model would tend to increase the positife terms in the
expression for dA/dt and decrease the negative effect of | the loss term

2 Mgss/3 poh. More importantly, the loss term itself was|derived from the
assumption that evaporation and dissolution effectively act as a lumped

"sink" just as the spilled mass acts as a lumped "source" 3t the center of

the spill. In reality, the losses are distributed over the entire surface

of the slick, i.e., as a distributed sink. Although the difference in the
models is negligible as long as dA/dt > 0, the distributep model would

never predict that dA/dt < 0. Instead, the rate of decreaFe of h would

be accelerated late in the spreading. A differential, or distributed model
would be, of course, much more complicated mathematically. | Since the lumped
model gives realistic results over most of the spill duration (except for
extreme cases such as py = 100 kg/m3), the effort involved in developing

a differential model is not believed to be warranted.

I11.6.3  Continuous Spills

The standard continuous spill has a discharge rate oﬁ 0.0333 m?/sec
over a total duration of thirty minutes. The total volume df the spill is
thus 60 m?, the same as for the standard instantaneous spi]ﬁ. The other
parameters of the spill are the same as those of the instanﬁaneous spills.

Figure II1.9 shows the effects of changing the discdarge rate.

" (The three rates give total spill volumes equal to 100, 60, énd 10 m?, the
same as for the instantaneous spills.) The quantities disp]%yed in the
plots are the downstream width of the triangularly-shaped slick and the
slick thickness. (The spill area can be computed by mu!tip]yinq hai. the
width by the spill length, which is equal to the product of the net trans-
port velocity Uy and the elapsed time; as discussed in “ection 111.5,
Ur s [(U(: + 0.035 v, cos 07+ {0.03% Y, ~in !))_"];7.) It lH! et f

|

!
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thirty minutes, the areas of the cuntinuous spills are about twice those
of the corresponding instantaneous spills, and the thicknesses about one-
half. The variation with respect to discharge rate from curve-to-curve
is roughly in agreement with Equation (II1.16).

The variation of the spill width and thickness with chemical density
is shown in Figure II1.10. Two values of density around 800 kg/m? are shown,
as well as the extreme case of po = 100 kg/m3. It can be seen that for
po = 100 kg/m® the width and area increase so rapidly initially that evapo-
rative losses cause the width to decrease (but not the total area) after
about ten minutes. The negative raté of change of the width is physically
unrealistic, for the same reasons as discussed previously in Section ]I1.6.2.

Figu}e I11.11 shows the effects of current. Since the length of the
slick increases when the current increases, the current has a significant
effect on the width and the area of the slick formed by a continuous spi]l,
in contrast to its negligible effect on an instantaneous spill. The de-
Crease in the width is considerably less, however, than the increase in the
length, so the net effect is that the slick area is increased when the

current is increased.

Figure I111.12 displays the effects of wind speed on the spill width
and thickness. Most of the changes in the width and thickness are due to
the changes in the evaporative losses, although there is also an effect of

~the wind speed on Uy and thus an indirect effect similar to tiat shown

previously far a variation in current.

I11.7 Wind and Current Limitations on Mndels

According to Wu [25], a water surface will form breaking waves and

spray for wind speeds above about 15 m/sec. Since the slick will also beqin

to disinteqrate, this value represents the limit on wind speeds for which the

models are expected to give reliable predictions.

The models should be applicable for all nortal values of current c«-

perienced in practice,
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IV. EXPERIMENTAL DESIGN AND DATA COLLECTION
IV.1  Experimental Design

The purpose of the experimental design was to develop a test plan
for experiments that would provide validation data for the revised models
of both instantaneous and continuous spills. The process involved several

e]ements:

0 test program objectives
0 model sensitivity analysis, and
o test plan.

The work carried out in each of these elements is described in the following

sections.

Iv.1.1 Test Program Objectives

Objectives for the test program were formulated in two main cate-

gories:

0 spreading, and
0 evaporation and dissolution.

This breakdown of the test program was the result of the perceived impracti-
cality of simultaneously obtaining spreading rate data and detailed mass-
transfer data from large-scaie spill tests. Consequantly, spill tests were
designed to obtain data for validating the spreading models, and separate
non-spreading tests were designed to obtain data fer validating the evapora-
tion and dissolution models. A small number of spill tests were also de-
signed to determine any effects of evaporation on spreading. .o tests were
conducted specifically to validate the slick motion model; that model, i.e.,
Equation (111.38), has been adequately verified hy other tests in the past

[7.8,9].
Spreading Tests.  The objrctive of theoe teots way Lo canduct o et
of spills, on as larqge o weale s was pratlical, from which wpreading colise
l)f'
e N, ., R SN A O T e R B
et ]




and slick sizes could be determined. The tests were designed to systemat- °
ically vary the influence of:

quantity spilled (instantaneous spills)
discharge rate (continuous spills)
chemical specific gravity

chemical spreading coefficient

© O O O ©o

magnitude of current (continuous spills).

The size and shape of the slick were to be determined as functions of time
. primarily by the use of flow visualization. To achieve these objectives,
o large outdoor basin was constructed to study instantaneous and.continuous
spills in water without a current, and a large flow channel was modified to
study continuous spills in a current. Some tests using the outdoor basin
were designed to study combined evaporation and spreading. For these tests,
chemicals having a range of vapor pressures were tested.

Evaporation and Dissolution Tests. The evaporation and dissolution

tests were designed to vary, in a controlied enviromment, the influences
of:

0 chemical thermophysical properties,
0 wind speed, and
0 wave height.

In order to make the detailed measurements needed to validate the mass-
transfer models, it was necessary to insure that the floating chemical slick"

remained stationary.

Thus, to achieve the test objectives, an envirommental wind tunnel
was constructed in which an open pan of chemi~al could be exposed to various
wind speeds. Tests in which the chemical could be Subjected to hoth wind
and waves were desiqned for a large wind-wave tunnel at [low Research, Inc.,
in Kent, Washington. Mass-transfer rates were to be determined primorily

through concentration sampling of the air and the water,
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Iv.1.2 Sensitivity Analysis

An analysis was performed on the revised spreading, evaporation, and
dissolution models in order to determine the sensitivity of the predicted
spreading rates and mass losses to changes in the values of the model param-
eters. Such an analysis is useful in determining which parameters have the
greatest influence on the predicted results and therefore need to be con-
trolled and measured during experiments. [t also reveals the parametersl
-that have little influence on the predictions and can therefore be omitted

from the test specifications.

For each spreading model, the change in the slick diameter at a spe-
cified time after the spill had occurred (generally, fifteen minutes), and
the time required teo evaporate the entire slick, was computed for a +10%
change in the value of each parameter about a selected baseline condition.
The sensitivity coefficient for each parameter was then computed, using the

slick area as an example, by the equation:

SCyx = (BA/AG)/ (1X/Xq)

Here AA is the computed change in area from A, for a AX -change in the
parameter X,. When SC, is positive, A increases as X increases; the
opposite holds when SCy, is negative. The magnitude of SCy jndicates the -
sensitivity of A to X; if |SCy| = 1.0, the percentage change in A s
the same as the percentage change in X; values of |SC,| greater or less
than one indicate a greater or lesser sensitivity to a change in X,

Table IV.1 gives the results for an instantaneous spill of 90 m3 of
benzene on an unbounded lake. (This'sensitivity analysis had to be conducted
before data from the tests were available to establish the empirical constants.
Therefore, the ahsolute imaqnitudes of slick radius and evaporation time pre-
sented in the table myy be in error in places, but the trends of the sensi-
tivity coefficients, since they are computed as ratios, are generally correct.)
From the table. the relative importance of the independent parameters is evi-
dent. [or the slick size, for example, the chemical density and the spill

volume are the dominant parameters. For evaporation, the order of relative
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importance of parametérs is density, vapor pressure, wind speed, diffusivity

in air, wave height, spill volume, and current. Similar results were obtain-
ed for continuous spills. The effects previously shown in Figures II1.6 to

IT11.12 display the same trends graphically. The sensitivity analysis: results
were used in formulating the test plans.

Iv.1.3 Test Plan

§2111"Ig§£§ - As mentioned earlier, instantaneous and continuous
spill tests were planned for a large outdoor basin; and continuous spill
tests in a current were planned for a large channel. The final test plan
is shown in Tables IV.2 through IV.6. Altogether, 102 spreading tests
were planned and conducted. (Some preliminary tests that were conducted.
to help establish feasible Timits on spill sizes, discharge rates, and
chemical properties are not included in the plan.)

No tests were conducted using volatile chemicals in a current be-
cause of the hazardous vapors that would have been liberated indoors.

Evaporation and Dissolution Tests - Two series of tests for evapora-
tion and dissolution were planned for the experimental program. The first
" qroup of tests was to be conducted in a wind tunnel at SWRI with a test
section designed for these experiments. The primary objeclive was Lo
measure transfer rates on a variety of chemicals over a range of wind
velocities. The chemicals were selected to cover a range of physical pro-
perties important to evaporation and dissolution: Schmidt number, vapor
pressure, and solubility. 1In addition, a range of interfacial tensions
was also included since this property is Tikely to be important in con-
trolling droplet dispersion in water. The chemicals were also selected
to minimize health and safety hazards. A secondary objective for these
experiments was to perfect experimental techniques for the second group

of tests.

N second group of tests was planned for a wind-wave channel at
Flow Research, tne., at Kent, Washington.  The purpose of these tests was
Lo measure mass Lranster vales for two choemicals exposed Lo controlled

59

AR A




TABLE IV.2 SUMMARY OF TEST CONDITIONS FOR SPREADING TEST SERIES I
NON-VOLATELE INSTANTANEOUS SPILLS IN BASIN

NuFf"“b"e ] Chemical S(;pricviift;C cﬁ'ﬁ??‘}"ilé'ﬁt VSc_)p11u]m]e
(dyne/cm) ~(liters)
b 1-] Octane 0.703 0.3 5
| 1.1-2 ! 10
; 1.1-3 ' 20
| 1.1-4 | 40
| o
1.2-1 Kerosene £.795 -2.7 5
' 1.2-2 10
' 1.2-3 20
i 1.2-4 40
!
|13 n-Hexanol 0.819 39.75 5
| 1.3-2 | 10
' 1.3-3 ’ 20
©1.3-4 40 i
|
1441 Naphtha 0.785 | 7.8 s |
 1.4-2 ! 10 |
S 5 20
. 1.4-4 , 40
| 1.5-1 m-Xylene 0.864 f 7.0 5
| 1.5-2 é 10
1.5-3 20
] 1.5-4 | 40 '
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TABLE IV.3 -SUMMARY OF TEST CONDITIONS FOR SPREADING TEST SERIES II
NON-VOLATILE CONTINUOUS SPILLS IN BASIN

Run
Number

CI1.1-1
I1.1-2
I1.1-3
IT.1-3

11.2-1
11.2-2
11.2-3
11.2-4

I1.3-1
I1.3-2

11.3-4

11.441

11.4-2
11.4-3
11.4-4

IT.5-1
I1.5-2
I1.5-3
I1.5-4

Spreading
Coefficient
(dyne/cm)

Discharge
Rate
(liters/sec) |

. Specific
Chemical Gravity
Lo e -
Octane 0.703
Kerosene 0.795
n-Hexanol 0.819
Naphtha 0.785
m-Xylene 0.864
61

0.3

-2.7

39.75

7.8

7.0

0.50
0.82
1.01
1.26

.50
.82
.01
.26

_— - OD

.50
.82
.01
.26

—_—— O

.50
.63
.95
.10

-~ O O O

.50
.82
.01
.26

—_—.— OO




TABLE IV.4 SUMMARY OF TEST CONDITIONS FOR SPREADING TEST SERIES III
VOLATILE INSTANTANEQUS SPILLS IN BASIN

62

NJﬁgLr Chemical ?ﬁgﬁ;ﬁif ng;g?gzggt ?z:ggzre Jg?hgg
(dyne/cm) (millibars) | (liters)
I11.1-1 | n-Pentane |  0.626 6.5 587.7 5
I11.1-2 10
111.1-3 20
111.1-4 40
I11.2-1 | Heptane 0.684 1.6 47.7 4
11.2-2 | 10
111.2-3 20
111.2-4 40
111.3-1 Octane 0.703 0.3 13.9 5.
111.3-2 10
111.3-3 20
111.3-4 40
111.4-1 m-Xylene 0.864 | 7.0 8.2 5
111.4-2 10
111.4-3 20
111.4-4 40
C111.5-1 Ethyl 0.901 45.89 98.4 5
‘ Acetate
111.5-2 10
111.5-3 20
111.5-4 40
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TABLE IV.5 SUMMARY OF TEST CONDIfIONS FOR SPREADING TEST SERIES IV
VOLATILE CONTINUOUS SPILLS IN BASIN

T .c: . | Spreading Discharge
Ndxgzr Chemical iﬁ:ﬁ;ﬁgc Coefficient Rate
o (dyne/cm) | (liters/sec)
IV.1-1 n-Pentane 0.626 6.5 0.50
Iv.1-2 0.82
1v.1-3 -1.01
Iv.1-4 1.26
1v.2-1 Heptane 0.684 1.6 0.50
Iv.2-2 0.82
Iv.2-3 1.01
1v.2-4 1.26
Iv.3-1 Octane 0.703 0.3 0.50
Iv.3-2 0.82
[v.3-3 1.01
Iv.3-4 1.26
Iv.4-1 m-Xylene 0.864 7.0 0.50
Iv.4-2 0.82
1v.4-3 1.0
IvV.4-4 1.26
Iv.5-1 Ethyl 0.901 45.89 0.50
Acetate
1v.5-2 0.82
Iv.5-3 1.01
Iv.5-4 1.26
63
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TABLE IV.6 SUMMARY OF TEST CONDITIONS FOR SPREADING TEST SERIES V

FLOW CHANNEL TESTS

Run
Number

-

-1
.1-2
.1-3
.1-4

=< oS <

.2-1
.2-2
.2-3
.2-4

S S - <<

341
.3-2
.3-3
.3-4

< <<

.4-1
4-2
.4-3

< < < <<

51

.5-2

.5-3
5-4

- < < <

e P I e
_{Sp.Gravity) | (dyne/cm) (liters/sec) m/sec
Octane 0.3 0.038 0.134
(0.703) 0.050 0.189
0.100 0.24]

0.149 0.290

Kerosene 2.7 0.038 0.134
- (0.795) 0.050 0.189
0.100 0.24]

0.149 0.290

n-Hexanol 39.75 0.038 0.134
(0.819) 0.050 0.189
0.100 - 0.241

0.149 0.290

Naphtha 7.8 0.025 0.119
(0.785) 0.050 0.189
0.100 0.24]
©0.100 0.290"

m-Xylene 7.0 0.038 0.134
(0.864) 0.050 0.189
0.100 0.241

0.149 0.290
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wind and wave conditions that simulate the spill environment. The primary
variables for these experiments were Reynolds number and wave roughness.

The test plan is summarized in Tables IV.7 through 1V.10. Some minor
alterations occurred in the test plan during the course of the experiments.
The test chemicals for the wind-wave experiments were selected on the basis
of test experience gained at SwRI during the first group of tests. In
addition, some wave measurements for water only were taken for comparison
to waves with a chemical slick.

IV.2 Test Facilities, Procedures, and Instrumentation

iIV.2.1 Basin Tests: Spreading and Zvaporation

Environmental Spill Facility. The concrete basin pictured in Figure

IV.1, used for conducting the continuous and "instantaneous” spreading ex-
periments was a 18.3m (60 ft) x 18.3m (60 ft) x 0.3m (1 ft) deep square pool
located at SwRI. The basin was filled with fresh water through a 17.8 cm

(7 inch) diameter water inlet in the middle of the basin. The basin was
filled to a depth of 0.3m (1 ft) for each test. The basin could be emptied
through a 15.2 cm (6 inch) diameter drain that was located at its center.

For the purpose of data collection, a rake assembly to measure spill
diameters was constructed in the spill facility as shown in Figure IV.1.
There were four rakes that spanned the basin along its diagona}s. The rakes
were numbered 1, 2, 3, and 4. Rake 1 is located in the upper lefthand
corner of Figure IV.1. The remaining rakes were sequentially numbered in
a clockwise direction. Each rake consisted of a 3.8 cm (1.5 inch) by
7.6 am (3.0 inch) piece of wooqd that was secured to the bottom of the basin
on which wooden pegs were mounfed that extended through the water surface.
The diameter of each peg was 0.64 cm (0.25 in). The center-most peq on
each rake was located 0.6m (2 ft) from the center of the hasin. The next
ten pegs were at 0.3m (1 ft) intervals and the next 5 were at f).6m (2 ft)
intervals.

65




e

TABLE IV.7 SUMMARY OF TEST CONDITIONS FOR

EVAPORATION TEST SERIES VI,

WIND TUNNEL TESTS

Wind 7

. Vapor
Run . Schmidt
Chemical Pressure Speed
Number L Numgfr {mb) (m/s) |
VI1.1.2 Ethyl Acetate 1.81 98.4 2
vI.1.3 3
VI.1.4 4
VI.1.5 5
vi.z.2 Hexane(n) 2.15 161.8 2
VI.2.3 3
vi.2.4 4
vi.2.5 5
VI.3.2 Hexanol(n) 2.18 0.72 2
vI.3.3 '3
VI.3.4 !
VI.3.5 5
vi.4.2 Octane(n) 2.60 13.9 2
V1.4.3 3
Vi.4.4 4
vi.4.5 5
v1.5.2 Octanol(n) 2.51 0.086 2
v1.5.3 ' 3
VI1.5.4 4
VI.5.5 5

(6




TABLE IV.8 SUMMARY OF TEST CONDITIONS FOR
EVAPORATION TCST SERIES VII
WIND-WAVE CHANNEL TESTS

. Vapor Wind -
Run . Schmidt ‘ Mechanical
Chemical Pressure Speed

Number | Number (mb) (m/s) Waves
VII.1.1 Octane{n) 2.60 13.9 2 No
VII.1.2 " “ “ 3.5 " No
vII.1.3 " " " - 5 No
VII.1.4 | " " " 7.5 No
VII.1.5 Hexanol(n) 2.18 0.72 7.5 No
vil.2.1 Octane(n) 2.60 13.9 3.5 Yes
VI1.2.2 " " " 5 Yes
VI1.2.3 " " " 7.5 | Yes
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TABLE IV.9 SUMMARY OF TEST CONDITIONS FOR
DISSOLUTION TEST SERIES VIII
WIND TUNNEL TESTS

- o Wind
Nu?#bner Chemical :ﬁ:t;‘;gt solubility Speed
______ — -,-___.T_,__.(PH!‘_,-._._ME_)._
VIII.1.] Ethyl Acetate 1120 87,000 2
VIII.2.] Hexane(n) 1370 12.5 2
VIII.3.1 |Octane(n) 1570 0.66 2
VIII.4.1 {Hexanol(n) 1340 6,000 2
VIII.1.2 JEthyl Acetate 1120 87,000 5
VI11.2.2 {Hexane{n} 1310 12.5 5
VIII.3.3 {Octane(n) 1570 C.66 5
VIII.4.2 |{Hexanol(n) 1340 6,000 5
. I SR
TABLE IV.10 SUMMARY OF TEST CONDITIONS FOR
DISSOLUTION TEST SERIES IX
HIND-WAVE CHANNEL TESTS
e T e ooty | B L recranieat
Number Chemical Number V speed Waves
| O T | L ppm) 4 Amys) TR
1 ) 1X.1.1 Octane(n) 1570 0.66 2 No
| 1X.1.2 5 Yes
} IX.1.3 7.5 Yes
‘ 1X.2.3 Hexanol{n) 1340 6,000 7.5 Yes
? |
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FIGURE IV.1 RAKE ASSEMBLY IN OUTDOOR TEST BASIN
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Test Apparatus, Procedures and Instrymentation - Continuous Spill

Experiments. For the continuous spill experiments a platform was
built and placed in the center of the basin. Each platform leg was placed
so that it bisected the angle formed by the rakes to minimize any distur-
bance in the area along the rakes.

The platform supported a holding tank, pump, a -.roboscope, and the
discharge tube. Each tested chemical was mixed with Red B. Automate”™ Liquid
Dye in the holding tank and held until the test began. To conduct a test,
the pump was set at the speed pre-selected from the pump calibration curve
to give the desired discharge rate. The valve to the hol-iing tank was then
opened. The rotational rate of the r'mp was determined by a stroboscope. .
The discharge rates were 0.5 &/s (8 gpm), 0.82 2/s (13 gpm), 1.01 &/s
(16 gpm), and 1.26 2/s (20 gpm). The chemical was discharged through
7.62 cm (3 inch) diameter PVC pipe that ran along the platform, down a
leg, along the basin bottom, then straight up at the center of the basin.
The pipe extended out of the water 6.4 mm {0.25 inch). The chemical was

discharged vertically with negligible vertical momentum.

During discharge of the chemical and dye mixture, the test data were
recorded on a strip chart using a Honeywell Visicorder. A common voltage
supply was utilized with four triggers that fed into four separate channels
on the Visicorder. When the edge of the spill arrived at each peg on one
of the rakes, the trigger for that rake was pushed. The events for each

rake were marked on the strip chart recorder's light sensitive paper.

The event times for each rake were tabulated and used as input to -
obtain curves of slick radius vs. time. Then, the radius values of oppo-
site rakes {1 and 3, 2 and 4) were added to obtain two graphs of diameter
vs. time. The granh of the diameter least affected hy any wind was used

for comparison with the computer model predictions,

*
Red B. Automate Liquid Dye, Morten Chemical Co.
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Test Apparatus, Procedures, and Instrumentation - Instantaneous
Spill Experiments. The same four-legged platform used for the con-
tinuous spill experiments was also used for these instantaneous spill ex-
periments with some minor modifications. Replacing the holding tank, pump,
stroboscope, and discharge tube was a system to approximate an "instan-
taneous" spill. This instantaneous spill apparatus consisted of an open
tank without a bottom that was attached to the rod of a pneumatic cylinder
" as shown in Figure IV.2. The pneumatic cylinder was set so.that in its
fﬁ]]y extended position the spill tank was just off the basin bottom.
While the cylinder was in its lowest position, the chemical/dye mixture was
metered into the spill tank from the cpen top. Care was taken not to allow
any chemical to be discharged at the bottom of ‘the open spill tank.} This
procedure was possible because all .of the chemicals studied were lighter
than water and relatively immiscible and insoluble. To spill the chemical,
a .remote valve was used to activate the pneumatic cylinder and raise the
spill tank in less than one second; as the tank was raised, the chemical
was automatically released into the water without ahy significant momentum.

The procedures for data collection and reduction were the same as
described above for the continuous spill experiments.

IV.2.2 Channel Spreading Tests

Flow Channel Facility. The flow channel used for the experiments
of a continuous spill in a current is a 13.7m {45 ft) long, 2.4m (8 ft
wide), and 1.5m (5 ft) deep channel with a 1.5m (5 ft) long, 3m (10 ft)
deep sump at one end, 1ocatéd at SwRI. Water flow was achieved by pump-

ing water from the sump area through a 20 cn {8 inch) diameter PVC pipe

to the head of the channel. The water channel inlet area was constructed
using a combination of a diffuser, weirs, fire bricks, screens, and rubber-
ized hogs hair (shown in Fiqure IV.3) to yield a uniform flow field across
the width of the channel. A weir was constructed at the upstream edge of
the sump to limit the water depth and also isnlate the sump from the rest
of the flow channel. After allowing for the area necessary for flow
straightening and sump isolaticon, the test section dimentinng viers £ 7m

(22 ft) tong by 2.4m (8 ft) wide. Jlo aid in the flow visualization and
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FIGURE IV.3 CHANNEL INLET AREA OF INDOOR CHANNEL
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data collection, the channel floor was striped as shown in Figure IV.4

using graphic slit tape. For the first 3.05m (10 ft) of the test section,
the stripes were spaced every 30.5 c¢m (1 ft) downstream and 15.2 cm (0.5 ft)
cross-stream. Fok the last 3.65m (12 ft) of the test section, the stripes
were spaced every 61 cm (2 ft) downstream and 30.5 cm (1 ft) cross-stream.

Water velocities in the channel from 12.0 cm/sec (0.39 ft/sec) to
29.0 cm/sec (0.95 ft/sec) were obtained by the use of an Aurora centrifugal
pump driven by a hydraulic motor. Since the weir at the upstream edge of '
the sump was permanently installed, the water depth varied from about
15 cm (6 inches) to 23 cm (9 inches) over the Eange of flowrates necessary
to achieve the water velocities mentioned above. It was determined that
‘this change in depth had no significant impact on the experiments because

only surface phenomena were of concern.

Test Apparatus, Procedures and Instrumentation. For the continuous
spill experiments in the flow channel, various chemicals‘were mixed with
“Red B. Automate Liquid Dye" and discharged from a discharge porf located at
the water surface in the upstream center of the channel width. The port
was formed from either 2 c¢cm or 5.5 cm diameter pipe configured to give a
discharge aligned with the flow direction. The spill setup for these spills
is shown in Figure IV.5. The chemical and dye were premixed in the pictured
container and then pumped to the port at the discharge rates specified in
the test plan using a variable speed motor and a 1/4" rotary gear pump.

During discharge of the chemical and dye mixture, the tests were
filmed on video-tape. The films were then analyzed to determine the "thick
slick” plume width as a function of distance from the discharge port. This
information was graphed to yield a reproduction of the spreading of the
chemical on the water surface, and thus to serve as a basis for comparison
to the computer model predictions. Only data for that part of the spread-

ing where the channel walls did not affect the resu]ts'were analyzed. Thus,
‘open water”

these tests simulate the spreading of a continuous spill in

with a current.
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FIGURE 1V.4 WATER CHANNEL WITH STRIPES FOR FLOW VISUALIZATIOM

FIGURE IV.5 CONTINUQUS SPILL SETUP FOR CHANNEL EXPERIMENTS
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1v.2.3 ngg.jypngl_Tests; Evaggggtioq

Theory. In the past, mass transfer by evaparation has been measured
as the weight loss of chemical from a pan in a wind tunnel. The work of
Pasquill [43] is a frequently referenced example ofl such experiments, and
more recently pan evaporation experiments have beej reported by Reijnhart
and Rose [44] for pentane and toluene. In the present research, evaporation
and wind shear stress were determined bv measurement of the logarithmic
profiles.

|
Experimentally, velocity and vapor concentrmt1on were measured as a

function of height above the liquid surface. The relevant mass transfer
constants were determined by a linear regression of] the profile data in the

following form: :

U=agnz+b ‘ (Iv.1)

C=acfnz-= b (1v.2)
|
where U, C, and z are measured quantities and the a's and b's are
the slopes and 1ntercepts from linear regression ana]ys1s In non-dimen-

sional form these equations are: l
u, =U/u, =Agenz +8 (Iv.3)

¢, = C/cy = A Scy oz, + B, (1v.4)
|

where the intercepts are related to the roughness pérameters of Equations
i

(111.25) and (111.26) by 1
Zo4+ = exp (-KB) (1v.5)

and

Zoer = X (=r Be/Scy) | SR




The constants from boundary layer theory and the linear regression anlaysis

are related as follows:

for velocity: u, = ax (Iv.7a)
B=[b-Ug-a an (u./v)]/u, (IV.7b)
for concentration: ¢, = a. k/Sc¢ (1v.8a)

Bo= (b-Cg)/cy - A Scy [2n (u,/v)] (Iv.8b)

By definition the friction velocity and concentration are:

up = /15/0 (1V.9)
Cu = Jo/pUy (1v.10)

These quantities are related to wind stress co2fficient and Dalton number

by
Ce/2 = (u/V,)? | (1v.11)
and
Day = ¢,/ (C_-Cs) (1v.12)

where the saturation concentration, Cg, 1is a physical property calculated

from the barometric pressure and liquid surface temperature.

Wind Tunnel. The wind tunnel for the pan evaporation experiments

consisted of the following components:

a. bell mouth entrance;
b. rectangular test section with dimensions of 30.5 cm height,
61.0 cm width, and 484 cm length (12 x 24 x 190.5 inches);

c. contraction section;
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d. Buffalo centrifugal blower which is rated at 4.7 m®/s (10,000
cfm) and is driven by a Dennison hydraulic motor;

e. 20.3 c¢m (8 inch) diameter PVC plastic pipe; and

f. evaporation pan with dimensions of 3.8 cm depth, 40.6 c¢m width,
and 121.9 c¢m length (1.5 x 16 x 48 inches) and with a volume
of 18.9 liters (5 gals).

Air for the wind tunnel was ingested at the bellmouth in the laboratory and
exhausted by the blower to the outside air. The inlet to the blower was
connected to the wind tunnel via the plastic pipe, and the air was trans-
ported from the blower outlet to the exterior of the laboratory by plastic
pipe. Figure IV.6 shows the tunnel and instrumentation for the pan evapora-
tion experiments.

. This arrangement of the tunnel had three primary advantages. First,
laboratory personnel were not exposed to the chemical vapors, and thus, the
health hazard was reduced. Second, the concentration measurements were
not contaminated from chemical vapors which would accumulate in the labo-
ratory otherwise. The tunnel was sealed to minimize any leakage. Third,
this design provided an additional method for the measurement of evaporation.

Mass transfer from evaporation was measured from an air sample taken
from the plastic pipe downstream from the blower outlet. From the defini-
tion of Dalton number and conservation of mass, the Dalton number measured

at the blower outlet is:‘

lag = (At/Ap) (Cy/Cs) (1v.13)
where A, s the cross-sectional area of the test sect:ion, Ap is the
surface area of the liquid in the evaporation pan, and C, is the concen-
tration measured at the blower outlet. The following assumptions are in-

herent in Equation (IV.13):

a. The flow was well mixed at the sampling station.
b. Any air leakage in the wind tunnel between the sampling

station and pan was small.
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c. Boundary layer displacement effect on the tunnel cross-
sectional area was small; however, an effective area could
have been applied.

‘ The tunnel was constructed primarily of wood; however, the two sides
of the test section at the pan location were Plexiglas. The pan was con-
structed of stainless steel sheet metal. A manual gravity feed and drain
system was connected to the pan which included 6.4 mm (0.25 inch) diameter
stainless steel tubing, fittings, ball valves, 19 liter (5 gal) reservoir, .
and sight gage. During an experiment the liquid level in the pan was main-
tained manually to within 0.5 mm. The liquid surface was typically

5 mm below the tunnel floor.

A set of eight baffles was installed in the pan below the liquid sur-
fece for the prevention of surface waves on the chemicals. The baffles were
not necessary for water whose surface tension is more than twice that of the
chemicals tested. A 35 mm square horse-hair filter was also installed across
the width of the pan at its downstream edge for damping surface waves. Fiqure
IV.7 shows close-up views of the pan and test section area during a typical
experiment.

Instrumentation. The folliowing is a list of the commercial equip-

ment for the evaporation experiments.

TSI 1050 constant temperature anemometer.

DISA traversing mechanism including a DISA 52B01 sweep drive
unit, DISA 55E40 txaversing unit, and stepper motor.

TSI 1076 rms voltmeter.

MKS Baratron model 170 with a 1 Torr pressure transducer.
TSI 1125 calibrator.

DISA 55P05 boundary layer probe.

Century QVA-128 organic vapor analyzer.

o @

Q 4 o a o

The first six items were primarily for the measurement and calibration of
velocity. The oryanic vapor analyzer (OVA) and the DISA traversing system

were used in the measurement of concentration profiles.
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FIGURE IV.7 VIEW OF WIND TUNNEL TEST SECTION AND LIQUID PAN




The wind tunnel speed was set by dynamic pressure measurements with
the MKS Baratron. The velocity was calculated from Bernoulli's equation

Ve = [2 (p, -pi)/pa]* (1v.14)

where p, 1s the barometric pressure «hich in the present case is the same
as the total pressure, and p; 1is the tunnel wall static pressure at
station i. Since the MKS has a differential pressure transducer, (p, - Pj)
was measured directly. Experimentatibn indicated that velocities from this
method at station 3 were closer to the hot-wire measurements than those

from a Pitot-static probe. TableIV.11 is a list of transducer locations

and the pan location relative to the test section entrance. A scale drawing
of the test section with static pressure hole and hot-wire locations is
shown in Figure 1IV.8. Also, the nondimensional pressure gradient ior vlow
over octane is presented in this figure for the test section.

The pressure gradient is defined as:

(1/q) (dp/dx) = -Cp/ax (1v.15)

where the pressure coefficient, Cp is
Cp = (pj47 - Pj)/q (1v.16)

p; 1is the pressure at station i, q 1is the dynamic pressure, , Vw2/2,
and Ax = X547~ %5 The physical properties which were not measured
directly such as density and viscosity were computed by the methods in
Appendix A from the measured temperatures anrd barometric pressure. Room
air temperature and. liquid surface temperature were measured with Type T
thermocouples while tarometric pressure was monitored with an aneroid
barometer from Weathermeasure Corporation. The error in velocity from
errors in temperature and barometric pressuré was less than 0.5%.

The velocity profiles were measured with a TSI 1050 constant temper-

ature anemometer and DISA 55P05 hot-wire probe. The hot-wire anemometer
was calibrated with a TSI 1125 calibration jet. Voltages from the

81




Item

Station ‘ x ‘
(cm) (in) ¢
! B
| |
274.3 108 No. 1 static pressure hole 3
302.3 119 Inside leading edge of pan ;
335.3 132 No. 2 static pressure hole !
396.2 156 No. 3 static pressure hole ‘
408.9 161 Hot-wire sensor
1408.9 161 | Pitot-static probe tip
408.9 161 Pan thermocoupln
411.8 162.1 Liquid sampling probe tip
413.4 162.8 Gas sampling probe tip
415.3 :  163.5 | DISA traversing mechanism quide tube
424.2 167 Inside trailing edqge of pan

i
|

. 457.2 F 180 Ho. 4 static pressure hole
|
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anemometer were measured with a TSI 1076 voltmeter. King's law in the

following form was applied to the calibration data:
Ep2 = A+ BV, (Iv.17)

where A, B, and n are constants determined by linear regression analysis
and Ep is the bridge voltage. Usually the exponent n has a value of
0.45 < n < 0.5. The exponent n was selected so that the correlation
coefficient returned in the linear regression analysis was a maximum. A
typical calibration curve is shown in Figure IV.9. The hot-wire was oper-
ated at 200°C which was below the ignition temperature of the chemicals
being tested. The relative turbulence intensity was computed from a linear
perturbation of Equation (IV.17)

0y/Vy =2 0o Ep/[n(EL2-A)]. - (1v.18)

where o, 1is the rms or standard deviation of the velocity u, and o,

u
is the measured rms voltage.

Concentration measurements were taken with a Century OVA-128 total
hydrocarbon analyzer which has a hydrogen flame ionization detector. The
OVA was calibrated for each chemical used. The calibration was of the form

n

X=AX,

(IV.19)
where X is the volume fraction in ppm (parts per million), Xo 15 the
OVA measurement, and A and n are constants determined by linear re-
gression analysis. Table IV.12 is a table of calibration constants, and
Figure IV.10 is a typical calibration curve. The meter for the OVA was
analog with a linear range of 0 to 10 and @ resolution of 0.1. The in-
strument included a scale factor of 1, 10, and 100 ppm, or it had a maxi-
mun range of 1000 ppm. For those measurements outside the range of the
OVA. a diluter was used which was also celibrated. The volume fraction,
X, in Quuation (IV.19) is related to the mass fraction, C“ in Lqua-
tions (111.19) and {111.7°6) by

o
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TABLF Iv.12 CALIBRATION CCNSTANTS FOR CENTURY
OVA-123 ORGANIC VAPOR ANALYZER

. n {Coefficient|Exponent | Correlation |Dilution
Chemical __-4E§T¥{“_‘~___11_ n Coefficient Rati;l—4
Ethyl Acetate | 07-16-82 1.276 0.9468 0.9992 s
09-07-82 1.082 1.004 0.9995 2.1 |
09-08-82 0.018 1.018 0.9996 1.9
09-08-82 | 1.302 | 0.9523 0.9987 n.s
i 0
Hexane 11-30-82 | 1.272 0.9366 0.9992 12.54
i
Hexanol 09-21-82 | 1.120 1.100 0.9974
02-24-83 1.037 1.078 0.9995 i
AT L1144 1.078 0.9967 i
! 4
Octane 07-08-82 0.684 0.9700 0.9946 18.1
10-05-82 1.097 0.9416 0.9978 11.43 |
02-24-83 0.8438 | 0.9946 0.9971 :
10-05-82 & . '
02-24-83 1.015 0.9574 0.9971 11.43
i
Octanol 10-26-82 & : g
12-03-82 1.593 0.8909 0.9793 ;
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X = C M /M (1v. 20}

where M, 1is the molecular weight of air, and M the molecular weight of

the chemical.

A schematic of the gas sampling system for the concentration pro-
~ file measurements is shown in Figure IV.11. A gas sample was withdrawn
from the wind tunnel through the sampling probe by a Metal Bellows Corp.

- pump. The flowrate was adjusted by a needle valve and measured by a cali-
brated Matheson rotameter. The sample gas was collected in two-Titer
plastic bags and analyzed with the OVA. The flowrate of the samp1ing Sys-~
tem was adjusted to the local mean velocity on the basis of velocity pro-
fi]e‘measurements with the hot-wire anemometer. The vertical position for
the concentration and velocity profile measurements was set by the DISA
traversing system which has a resolution of 0.02 mm.

The gas sampling probe was designed and built specifically for this
project. The probe consisted of three stainless-steel tubes with an out-
side diameter of 1.91 mm (0.075 in) and inside diameter of 1.36 mm
(0.0535 in). The tubes were separated by 19.1 mm (0.75 in) horizontally
with the entrances in the same plane. The three tubes were routed throuah
a 6 nm (0.237 in) diameter stainless steel tube and manifolded by teflon
tubing at the exit of the main probe shaft. The sampling tubes were bent
so that their lengths between the probe tip and main shaft were the same

and, consequently, so that the pressure drops were nedrly the same.

1v.2.4 Wind Tunnel Tests: Dissolution

Theory. In the present program, only the mode? for dissclution on
lakes and coastal waters was investigated. Measurement of mass transfer by
the profile method was not feasible, however, because of the very thin con-
centration boundary layer in the water for "inscluble" chemicals. The con-
centration boundary layer thickness, from Shaw and Hanratty {36], is (for
Targe Reynolds number and Schmidt number): '

S, (Diy, Scw)_l (1v.21)
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where the Dalton number is given in Equation (111.34). In their experimental
results K=0.0889 and n=0.704. As an estimate, the concentration boundary-
layer thickness, Scgo for Sc=1000 1is 1.46, or in physical units is 0.1076 nu
(3 mils) on the basis of water boundary-layer measurements by Lin, et al. [45]
where u,, was 1.92 cwm/s for a wind sbeed of 10 w/s and fetch of 6m. Conse-
quently, a successful verification with available instrumentation would be the
detection of no chemical in the water.within 6.4 mm of the free surface, the
location of the first probe. Significant chemical in the water would indicate
that another mechanism is more important than boundary layer processes in

dissolution.

Wind Tunnel. Minor modifications were made to the chemical feed system
of the evaporation tests. The feed system for the dissolution experiments uni-
formly dispensed chemical on the water surface upstream and withdrew the chem-
ical at the downstream edge of the pan. This method of chemical dispersal on
the water surface was selected after some experimentation. Other methods
would have allowed dispersal without removal of the chemicals, but chemical
would accumulate downstream and waves would grow. Also, nore chemical would
be required to cover the surface. Removal of the chemical downstream allowed
a more uniform slick thickness through control of both the inflow and outflow,

and consequently, the spill was modeled more accurately.

The chemical was dyed with a mixture of one part per 5,000 of the red
dye from the spreading experiments. The dye served two purposes. First, the
dye indicated when the surface was completely covered by the chemical, and
second, the dye aided visually in the separation of the chemical from the
water during recovery of the chemical at the dowastream end of the pan.

Instrumentation. A liquid sampling probe was built from the same
tubing as the gas sampling probe. The probe waé a conventional rake arrange-
ment of four tubes with their entrances in a vertica! plane at 6.4 mm (0.25
inch) intervals, with the top probe positioned 6.4 mn below the free surface.
Liquid samples of 8 cm® cach were withdrawn through teflon tubing by a 10 cr’
glass hypodermic syringe. Samples were withdrawn at 15-minute intervals for
one hour. Preliminary testing showed that the top probe had to be at least

6.4 cm below the surface in order to avoid surface disturhbances.




The Tiquid samples were then analyzed for chemical concentration.
The differences in solubilities of the chemicals tested required two analysis
methods. Water samples with ethyl acetate and hexannl were analyzed with a
Beckman Carbonaceous Analyzer (NDIR) which is a total organic carbon combus-
tion-infrared device. The octane and hexane, whose solubilities are quite
low, were analyzed by the microextraction method and a gas chromatograph.

IV.2.5 MWind-Wave Channel Tests: Dissolution and Evaporation

Wind-Have Channel. Evaporation and dissolution experiments were per-
formed in the wind-wave channel at Flow Industries, Inc., in Kent, Washington.
The theory and experimental methods for these experiments were essentially
the same as described in the previous two sections. The wind-wave channel
consisted of a wave tank with dimensions of 9.1m 1ehgth, 1.2m width, and
0.9m depth, and it included a mechanical wave maker. A wind tunnel of equal
width was located above the wave tank with a variable height test section
which was set at 65 cm for these exberiments. The test station was 5.5m
from the winc¢ tunnel entrance. Additional details on the channel, its‘per-
formance, and instrumentatinn are contained in Lin, et al. [45].

The chemical feed system was slightly different from that described
in [45]. The system was originally designed as a once—through'system‘for
the chemical. It was modified so that chemical could be continuously fed
through the system. A slight amount of dye was added to the chemical to
make the wat’r/chemical interface readily visible in the recovery tanks.

Instrumentation. The inétrumentation for the wind-wave channel ex-

periments was similar to that previously described. The liquid and gas
sampling systems were the same; however, the liquid sampling probe was re-
placed. by a larger rake. The rake consisted of six sampling tubes with
3.2mm (1/8 in.) outside diameter. The vertical spacing between tube center-

Tines was 25.4mm (1 in.).

A1l probes for the traverse in air were mounted un one travercing

mechanism. The probes included the foilowing:
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Two TSI 1210 hot-wire prcbes (Tungsten T1.5 sensor)
Thermistor for air temperature
Pitot-static probe

Qa o o o

Gas sampling probe

The hot-wire anemomecter was a TSI 1054B. The water surface temperature was
monitored with a thermistor. The flow of chemical onto the water surface
was controlled and measured with a Dwyer rotameter. The tunnel speed and
hot-wire calibration were determined by a Dwyer micromanometer and Pitot-

static probe.

The wave heights were measured with a photodiode wave height gauge
which consisted of the following components:

Reticon Model LC600QY256-1 camera
b. Reticon RS605 Line Scan Controller
C. Spectra Physics 164 argon ion laser

The laser was operated at approximately 3 Watts of power, and the water was
dyed with a fluorescent dye. Since only the water was illuminated, the
wave heights were actually measured at the chemical/water interface. The
resolution of the gauge for these experiments was 0.25mm.

A11 data were processed with a digital data acquisition system and
computer. The data provided included the mean and rms values in physical
units of the following:

Velocities from two hot-wires
Air and water surface temperatures
Position of traversing mechanism, and

a o o o

Wave height.

Approximately 30 seconds of data were averaged. A1l measurements but wave
height were simultaneous. Since the wave height measurements were digital
and the other measurements analog, two different software routines wers
required for the data acquisition. Plots of the data (sicmal ves. time)

were also provided by the data acquisition systom.
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ivV.3 Data Collection (Typical Results)

Iv.3.1 - Spreading Tests

Only a general overview of these experiments mainly based on flow
visualization will be presented in this section. For d %ailed information
atout the results of each experiment, see Appendices A through E of the
Test Data Volume of the Final Report. | '

Instantaneous Spills in Basin. The series of photographs labeled
Figure IV.12 show a time lapse sequence of a 60 liter i%stantaneous spill
of naphtha. As can be seen, the chemical spreads axisyu@etrica]]y from the
spill point. The outer edge of the thick slick was verj‘easy to distinguish
at the beginning of the spill. Later, when the slick wag considerably
tninner, a thin slick began Torming which made it more d%fficu]t to dis-
tinguish the edge of the thick slick as shown in Figure gv.13. At that
point, the data collection was stopped. From the data obtained, a graph
of slick diameter as a function of time was drawn as sho%n in Figure IV.14,

for comparison with the computer model predictions. {
|

These results are typical of the non-volatile insiantaneous spills
studied. The results for all of the non-volatile instan?aneous spills in
the basin are contained in Appendix A of the Test Data Volume of the Final

Report. ' %

Continuous Spiils in Basin. The series cf photog}aphs labeled
Figure 1V.15 show a time lapse sequence of a cuntinuous spill of naphtha
at a spill rate of 0.95 liters/ second. The slicks spread much the same
as the instantaneous spills described above. The major Gifference was
that a thin slick formed almost immediately on the outeriedges of the
slick. This made it more difficult to document the thick slick sps2ading
rate. From the data cbtained, a graph of slick diameter?as a function of
time was drawn, as shown in Fiqure IV.16, for cmnparicnniwith the computer

model prodictions.
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FIGURES V.12 (a,b) 60-LITER NON-VOLATILE
[HSTANTANEQUS NAPHTHA SPILL
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FIGURES IV.12 (c.d) 60-LITER NON-VOLATILE
INSTANTANEQUS MNAPHTHA SPILL
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FIGURE IV.13 FINAL SPREADING STAGE OF AN
INSTANTANEGUS SPILL
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FIGURE IV.14 INCRCASE OF SLICK SIZE WITH TIME
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Figures IV.15

(a,b)

0.95 LITER/SECOND NON-VOLATILE

CONTINUOUS NAPHTHA SPILL
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FIGURES IV.15 (c.d) 0.95 LITER/SECOND NON-VOLATILE
CONTINUOUS NAPHTHA SPILL
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These results are typical of the non-volatile continuous spills
studied. The results for all of the non-volatile continuous spills in the
basin are contained in Appendix B of the Test Data Volume of the Final

Report.

Continuous Spills in Channel. Figures IV.17 are photographs of the
development of four different continuous spills. of m-Xylene in the channel.
The table below summarizes the flow conditions for the pictures in this

figure.
Flow ! River Speed Discharge Flowrate
Conditions 5 (em/sec) (liter/sec)
A i 13.4 . 0.038
B ! 18.9 - 0.050
C | 24.1 0.100
D 29.0 0.149

These river speed/discharge flowrate combinations were chosen to maximize
the length of the channel over which spreading could occur without any
influence of the walls. Data collection of this slick width downstream

of the spill location was stopped when the thin slick hit the channel walls.
The thin slick is indi<tinguishable in the photographs of Figure IV.17.
From the data obtained, a graph of slick width vs. downstream distance was
drawn for comparison with the computer model predictions. Figures IV.18
through IV.21 show these graphs for the four m-Xylene $pills discussed

above.

These results are typical of the continuous spills in thé channel
that were studied. The results for all of the continuous spills in the
channel are contained in Appendix E of the Test Data Volume of the Final

Report.
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FIGURES IV.17 (A,B) CONTINUOUS SPILLS OF m-XYLENE
IN A FLOWING RIVER
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FIGURES IV.17 (C,D) CONTINUOUS SPILLS OF m-XYLENE
IN A FLOWING RIVER
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IV.3.2 Evaporation Tests

Velocity Profile Measurements. Since the friction velocity and
boundary. layer thickness were required for calculation of Dalton number in
Equation (I111.27), the velocity profiles were measured for model validation.

The results of the velocity profile measurements are summarized in Table
1V.13. The data in the table includes the wind velocity, friction velocity,
friction coefficient,intercept, roughness parameter, the correlation coeffi-
cient for the linear regression, the average coefficient for the 1/7 power-
1aw velocity profile, and the boundary layer thickness. The results are
compared to those of a standard smooth flat plate. The boundary layer thick-

ness was computed from the 1/7 rower-law profile where wu/V,, = 0.99.

Representative velocity profiles are presented in Figures IV.22 and
IV.23 for the pan evapnration and 4ind-wave experiments, respectively. For
the pan evapsration experiments, the surface velocity, Ug, was assumeq to
be zero. In the wind-wave experiments, the surface velocity was assumed to
be

Ug/u, = 0.55 - (Iv.22)
in accordance with the recommendation of Street, et al. [46]. Another
possible method is from conservation of momentum across the air-water inter-
face for a 1/7 power-law velocity profile. The result is

¥
Vs = (0/03) " (u/y) (1v.23)
At stancird pressure and a temperature of 20°C, the surface velocity is

Vi/Ug = 30.96 (1v.24)

Either result is consistent with previous experiments in the wind-wave

channel [4%]

The velocity protiles were typical of low, over o wmooth curface
yl ,

wilh <ot exceptions.  The prolites over the wechanically driven waver:
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were anomolous. In particular, the flow at 725 cm/s with the wavemaker had

an exceptionally low friction coefficient. The friction coefficient in this

case is possibly in error from a wave induced velocity component.

In other cases, the friction velocities are also apparently Tow. for
example, at 729 cm/s without the wavemaker, the friction velocity is 28.1
cm/s whereas Lin, et al. [45] reported 38 cm/s at a tunnel velocity of 7 m/s

Another éxception is the flow over hexanol at 730 cm/s in the wind-
wave channel. Figure IV.24 is a plot of the friction coefficients of all
experiments in comparison to a smooth surface. As the figure.indicates, the
friction coefficient over hexanol in the wind-wave channel was unusually high.
However, this result, which implies flow over a rough surface, is also consis
tent with the wave height measurements and flow visualization experiments.
The wave heights were increased in the flow over hexanol whereas the octane
dampened the waves. This phenomenon is associated with the spreading coeffi-
cient of the chemical on water. ‘

1

Wave Height Measurements and Slick Thickness. One of the objectives
of the wind-wave experiments was to measure the effect of waves in mass
transfer from evaporation. The results of the wave height measurements are
summarized in Table IV.14, The interesting result in this table is a compari-
son of the rms wave heights for water, octane, and hexanol at 7.5 m/s for
wind waves only. The octane dampens the waves while hexanol increases the
wave height.

The wave heights in non-dimensional inner-scale variables are also |
included in Table 1V.14. ODoth rms and mean wave heights are included in the
table. The rms was measured, but the evaporation model, Equation (I111.27),
contains the mean wave haight. According to Street [29], the mean and rms
wave heights are related by ’

hos = (21:);S n,

The frequency and peak-to-peak amplitude of the mechanicolly-qencrited

waves were 1.6 1z and 3 cm, respectively.

11?
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TABLE IV.14 WAVE HEIGHT MEASUREMEMTS
T RMS -
Surface Yave Height ()
‘ Vi n N, L
(cm/s) (cm)
Octane 208 0.01 0.54 1.36
342 0.01 " 0.86 2.15
* 482 0.916 128. 320.
. - 519 0.0741 - 10.2 25.5
* 357 0.971 86.1 216.
729 0.0779 14.1 35.4
Octane * 725 .1.037 151. 379.
Hexanol 730 0.647 186. 467.
Water * 760 1.53 421.(2) {1055,
Water 760 0.558 153.(2) | 385,
1' o
* Wavemaker
(1) hﬂH‘ = (2'"');5 n,
(2) Estimated from Lin, et al. [45]
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For the wind-wave experiments, slick thickness may be an important
parameter in evaporation and dissolution. Slick thickness was estimated
by conservation of mass from the following:

h = Q/(Ug w) (Iv.26)

where Q ‘is the meaﬁured flowrate of the chemical bnto the water surface,
w is the tunnel width, and the surface velocity, Ug, is estimated from
Equation (IV.22) or (IV.24). The primary assumption in Equation (IV.26)

ts that the slick moves uniformly as slug flow. The averaje slick thick-
ness with two different estimates of surface velocity is tabulated for all

the experiments in Table IV.15.

- Normally, both octane and hexanol have positive spreading coefficients.

~ Consequently, they will continue to spread until they form a monolayer. How-

ever, in the case of hexanol, a thin layer spreads very rapidly and locally
changes the surface tension of the water. Thus, the spreading coefficient
of hexanol becomes negative, and hexanol forms lenses. The minimum thick-
ness for an infinitely large slick is given by Equation {III.15). From this
equation, the minimum thickness for a hexanol slick is 2 mm. Since the
average thickness was estimated to be only 0.04 mm, only a small fraction

of the surface was covered by lenses. The surface area covered by lenses
could be estimated from [19] if an average lens diameter were assumed.

Stick thickness for‘these experiments can be controlled by the flow-
rate of the feed system. The flowrate of hexanol was less than the octane
in these experiments because the flowrate was limited by the higher vis-

cosity of the hexanol.

Evaporation Concentration Profiles. The results for the concentration
measurements are summasized in Table IV.16. Typical concentration profiles
are shown in Figures IV.25 and 1V.26 for the pan evaporation experiments and

wind-wave experiments, respectively. In general, the curves are relatively

Tinear and yvield reasonable values of the Dalton number. MNo trends have

been discovered on the value of the intercept, B..
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FOR WIND-WAVE EXPERIMENTS

TABLE IV.15 ESTIMATED AVERAGE SLICK THICKNESS

............................

Chemical (1) (2)
Surface Y Flowrate Us Us h
(cm/s) (2/min) | (cm/s) {mm) (cm/s) | (mm)
Octane 208 5.3 4.91 ° 0.15 6.73 0.11
342 8.8 7.17 0.17 11.0 0.1
* 482 8.8 11.7 0.10 15.6 0.079
519 . " 8.8 11.4 0.1 16.8 0.073
* 357 8.8 7.46 0.16 11.5 0.1
729 9.7 15.5 0.087 23.5 0.057
Octane * 725 10.6 ‘2.4 0.12 23.4 0.063
Hexanol 730 6.6 24.5 0.037 23.6 0.039
Y ug/u, = 0.55
) v, /Ug = 30.96
Wavemaker
_ ]

16
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The quality of the data was checked through repetition of the ex-
periments. One such check is the two concentration profiles for a wind
speed of 5 m/s.. Although the repeat data are not within the error bars of
the measurement, the data are reasonably close. The error bars are +20,
or 20-to-one odds, and the standard deviation of the concentration measure-
ments was established by an average of twenty consecutive measurements at
one location. According to Moffat [47], this proceduie will determine the:
accuracy of the standard deviation within *5%. The standard deviation was
measured to be 8% of the mean cencentration of octane at two locations,

one in the boundary liyer and one at the downstream sampling station.

Values of the Dalton number for all pan evaporation experiments ar~
shown in Figure IV.27 in comparison to the theories of Street [29] and
Yaglom and Kader [28] for smooth flow. This figure indicates that Schmidt
number effects are not discernible in these experiments. Also, no relation-
ship can be identified between the results of the two methods of mass transfer
measurement; however, in most cases the results are the same within experi-
mental error.

The results fdr octane in the pan evaporation experiments are pre-
sented in Figure IV.28. The primary purpose of this figure is to indicate
the magnitude of uncertainty in the measurements. The error bars are again
for +20. The uncertainty for the profile measurements was determined from
the standard deviation of the slope in the :linear regression analysis. The
uncertainty for the downstream concentration measurement was computed from
an average of 20 bag samples. The error bars for the two measurements of
Dalton number usually overlap. Also, the error bars are smaller for the
more volatile chemicals such as ethyl acetate, and larger for the less
volatile such as hexanol and octanol. The results for the octane on water

experiments are comparable to the pure octane experiments.

Dalton numbers from the the two test facilities are compared in
Figure 1V.29 for the profile method. The uncertainty in the wird-wave
experiments tends to be less, and the Dalton numbers are <maller. The
lower Dalton numbers may be associated with slick thickneos. The 2lick
thickness of octane on water for the pan evaporation esperinents vas pro-
bably much thicker than in the wind-wave experiments. Since the Dalton

number of hexanol is similar to that of octane, the water surface must
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have been covered in a thin film during lens formation; otherwise, the
Dalton bumber would have been much smaller.

ﬁhe effect of roughness-on Dalton number is emphasized in Figure IV.30.
The Da]%on number is plotted as a function of wave height for the experimental
data o.d for the theories of Street [29] and Yaglom and Kader [28], in which
8, = ZOOb and Sc=2.61 were used in Equation (111.27). The data are con-
sistent}with the hypothesis that mass transfer will diminish in flows over
rough syrfaces.

|

During the pan evaporation experiments, substantial cooling occurred.
The 1iqu%d temperature attained steady state before data acquisition. The
liquid surface temperature was used in the calculation of the saturation
concentrétion. The temperature of the chemicals tested as a function of
wind speed is presented in Figure IV.31. This cooling has two important
effects:iboundary layer stabilization and errors in velocity for the hot-
wire. Ih the concentration calculations for these experiments, the friction
velocityifrom the velocity measurements over octane were used. Cooling was

not detected in the wind-wave experiments.

1V.3.3  Spreading and Evaporation Tests in Basin

T%e procedures used for the spreading and evaporation tests in the
basin were similar to the non-volatile spreading tests in the basin dis-
cussed e$r1ier in Section 1V.3.1. These tests, which included evaporation,
differed from the non-volatile tests in two ways:

(i) Since a wind was necessary for evaporation, the entire slick
| tended to move with the wind while spreading. Although the
slicks stayed relatively symmetric, they no longer were center-
ed in the basin, and special treatment was necessary to deter-
‘ mine the averaqe slick diameters over time,
(2) The evanporution of the chemicals caused the outer edges of the
slick to form irreqular fingers rather than being smooth. Esti-
mation of each average radii was necessary during the datg

ﬁ collection to collect mecningful slick diameter data.
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The data collected for the spreading and evaporation tests in the
basin were graphed in the form of average slick diameter as a function of
time. The results for all of the volatile instantaneous spills are can-
tained in Appendix C of the Test Data Volume of the Final Report. The
results for all of the volatile continuous spills are contained in
Appendix D of the Test Data Volume. .

Iv.3.4 Dissolution Tests
Wind Tunnel. Four chemicals (ethyl acetate, hexane, hexanol, and
octane) were tested for dissolution in water in the wind tunnel as a func-

tion of wind speed. The measured solubilities are listed in Table IV.17

TABLE IV.17 SOLUBILITY

Measured . Literature

Chemical - Solubility ' Solubility |

' (ppm) . |
t ' N i
| Ethyl Acetate 64,387 87,000 .
f Hexane -7 9.5 ,
Hexanol . 6,149 6,000 g

' 6,305 _ : ]

Octane 2 0.43 - 0.88 ;

in comparison to values from the literature. The solubilities cf hexaﬁe .
and octane were much lower than that l}sted in Appendix A; however, they

are in agreement with those reported by Mackay and Shiu [48]. The results
of the dissolution tests are summarized in Table IV.18. Since the concen-
tration profiles were fairly uniform, only an average value {over the 31.7 mn
depth of the probe) is presented for each time interval. Octane and hexane
were virtually insoluble. A maximum of one percent of the solubility limit
for octane was measured in a 60-minute period while 15% was the maximum for
hexane. Dissolution rate was a strong function of wind spred for ethy] sre-
tate. Ethyl acetate reached 1007 of its solubility in 60 minuten at 5 w/%

while hexonol attained 777 saturation under the same condition, .
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TABLE IV.18 RESULTS OF DISSOLUTION TESTS IN SwRI WIND TUNNEL

Average of 4 Concentration Measurements
Over a Depth of 25 to 30 mm.

SR il Rt Sy - :

v Saturation Time
Chemical b .
(m/s) (%) (min)
Ethyl Acetate 2 20.1 15
2 29.7 30
2 38.5 45
2 44.2 60
5 46.0 15
5 72.0 30
5 89.3 45
Ethyl Acetate 5 100.0 60
Hexane 5 5.7 15
’ 5 9.3 30
H 5 9.6 45
Hexane 5 14.6 60
Hexanol 2 38.2 15
' 2 58.9 30
2 66.4 45
2 65.7 60
5 42.5 15
5 62.0 30
5 £8.8 45
Hexanol 5 77.3 60
Octane 5 0.7 15
v 5 1.3 30
Octane 5 0.4 45
128



Wind-Wave Channel. The more interesting dissolution results were

from the wind-wave channel. Again, octane was essentially insoluble, but
the hexanol was uniformly dispersed in the upper layer of water. The con-
centration profiles are shown in Figure IV.32 for a wind speed of 7.5 m/s
and with mechanical waves. The profiles were averaged and plotted as a
function of time in Figure IV.33. The difference in concentration with its
saturated value decays in time like a diffusion process. The time con-

~stant is 0.0164 min~).

The dissolution process was investigated further by flow visualiza-
tion.. Sufficient dye was added to the hexanol so that it was readily
visible on the water surface. Hexanol lenses formed on the surface with
diameters of approximately 5 mm. Hexanol droplets were dispersed into the
water by wind waves. Neither mechanical waves nor breaking waves were
required for the droplet dispersion. At 7.5 m/s, the drops were dispersed
to a depth of 10 to 15 cm. In contrast, the octane formed a uniform sheet
on the water surface,'and no droplets were formed.
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V. COMPARISON OF MODELS AND TESTS

V.1 Spreading Models

The tests described in Section [V.3.1 are sufficient to establish

(1) the empirical constants Kjg, Kpg, K1, and Koy in the spreading models
for. instantaneous and continuous spills in open water without a current, and
(2) the empirical constants Kjp and Kpo in the spreading model of continu-
ous spills in open water with a current. Although the empirical constants
’in the channel models cannot be established directly by any of the tests,
their values can be inferred from the constants that can be established.
According to the model derivation presented in Section I1II1.2.4, for example,
the lateral spreading of a slick formed by a continuous spill in a current
is identical with the one-dimensional spreading of an instantaneous spill

in a channel without a current; therefore, it is reasonable to assume that
Cip = K12 and Cyg = Kpo. In addition, as is shown below, there is little
difference between the constants for instantaneous and continuous spills in
open water without a current; it is reasonable to expect the same kind of
relations for spills in a channel, so Cy1= (g (= K]Z) and Cpp =2 Cpq

(= Kpp). Finally, if there is a current in a channel, the downstream
spreading of the slick from a continuous spill is mostly due to the current;
thus, there can be Tittle error involved in assuming that Cyo = Cyp and
Crp = Cog. With these physicélly reasonable assumptions, all the empirical
constants in the spreading models can be established by the test data.

After a portion of the test data is used to determine the empirical
constants’, the rest of the test data is used to verify the models.

Instantaneous Spill in Open Water (Negligible Evaporatior). Typical

data (from Test 1.2.4) are shown in Figure V.1, in the form of the logarithm
of the observed spill diameter plotted against the Togarithm of the elapsed
time. This form of piot is convenient to reveal a power-law type of depen-
dency of the diameter on the time, as expected from Fquatinons (I111.3) and
(111.5). 1! is evident that the data points do fall noturally on two
straight Tines, whose slopes are, to within the accuracy of the data measure-
ments, equal to the theoretically-predicted values of 0.50 and 0.25% for

gravity-inertial and gravity-viscous spreading. The fundamental assumptions
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of the model are therefore confirmed. (It ought to be noted that mass loss
due to evaporation and dissolution is negligible for this chemical and test
condition; hence, Equations (II1.3) and (I111.5) are applicable, rather than
the more complicated version of the model given in Table 111.2.) The time
of transition from gravity-inertial to gravity-viscous spreading in Figure

V.1 and the slick diameter at that time are used to compute the empirical
constants; the result is that Kyg = 1.53 and Kpg = 1.21. Both constants
are of order unity as expected. Previous semi-analytical estimates gave
Kig = 1.14 and Kog = 0.98 [7]. The present values are slightly larger
than the previous estimates but the ratio K20/K11 is about the same for
both.

Figures V.2 through V.4 compare predictions of the model with
Kig = 1.53 and Kpg = 1.21 to test results for a variety of spill sizes
and chemical densities. (Again, the evaporativé lToss of mass from the slick
is negligible, so Equations (II1.3) and (II1.5) can be applied directly.)
The predictions match the data very well, especially for the'1arger spills
where any influence of a lack of true "instantaneous" initial conditions is

small.

Continuous Spill in Open Water Without a Current (Negligible Evapora-
tion). The test data from a typical test (Test 11.4.4) are plotted in log-
log form in Figure ¥.5. Just as for the instantaneous spills, the data

points fall on two straight lines whese slopes are in agreement with theory.
{Mass loss from the slick is negligible, also as before.) From the observed
transition time and diameter, the computed empirical constants are Kjyp =
1.24 and Koy = 1.09. There are no previous data or analyses to which these

values can be compared.

Figures V.6 through V.9 show comperisons of the revised model to tests
with a variety of discharge rates and chemical densities. The predictions

overall match the data well, although the comparison for the hexanol spill

shown in Fiqure V.8 is not good near the end of the discharge period.
(In many ot the tests, the behavior of hexanol was noticeably diffevent frow
that of the other chemicals. Although Lthe reasons for the differences could
nol he isolated, 9t is believed that the large spreading coefficient of hexanol
135
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caused a rapid growth of the thin slick and a subsequent change of the sur-
face spreading properties in the water ahead of the thick slick. There was
some tendency noted for hexanol to form lenses in the small-scale spreading
tests.)

Although these tests were conducted in a channel, data were measured only
during the time when the thick slick was still well away from the channel
wa’ls. The test data therefore correspond to a discharge in open water with

a current.

The results of -a typical test (Test V.1.4) are shown in log-log form
ianigure V.10. Once again, the test data points fall on two straight lines
having the theoretically-predicted slopes for gravity-inertial and gravity-
viscous spreading when mass losses are negligible. BéCause there was some-.
what more scatter in the data from test-to-test than for the open-water,
zero-current tests, the data from two tests were used to establish the em-.
pirical constants in the spreading model. The best fit to the'data gives

VK12 = 2.37 and Kyp = 3.65. As mentioned previously, the empirical con-

stants for the one-dimensiona; sbreading of an instantaneous spill are theo-
retically identical to Ky = Kpp. Previous estimates of the constants for
one-dimensional spreading of instantaneous spills are Cyq = 1.39 to 1.50
and Cpp = 1.39 to 1.50 [7]. The present constants are thus about twice as
large as the previous estimates, according to this idea of similarity be-
tween the two forms of spreading. The previous estimates, which are based
on semi-analytical theories and small-scale test results, may be in error;
on the other hand, the two types of spreading may be qualitatively similar
but require different constants. '

Figures V.11 through V.14 show comparisons of the revised model to
test results for a variety of discharge rates, chemical densities, and cur-
rents. The comparisons are sufficiently close to verify the model, although
not quite as close as for the tests conducted in the larqge basin. The
slightly poorer correlation is perhaps not surprising considering the scatter
in the data inherent in measuring slick widths from video recordings.
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V.2 Evaporation Rate Model

The proposed evaporation model appears to be adequate far the present

. application without any changes. These experiments are probably the first

......

where mass transfer of a hydrocarbon is measured by the profile method. The
differences between theory and experiment are likely within the uncertainties
of the experimental methods. In future experiments, the inflow and outflow
of chemical from the water surface should be measured, and the effects of
slick thickness evaluated. Also, the influence of spreading coefficient on
waves should be evaluated since such roughness effects are coup]ed with mass

transfer.

V.3 Dissolution Rate Model

The boundary layer model suggested for dissolution may be adequate
for certain classes of highly insoluble hydrocarbons such as hexane and
octane. For other chemicals such as hexanol, droplet dispersion in the
water may be the dominant mechanism for dissolution, and breaking waves are
not required necessarily for droplet dispersion. No models are currently
available which adequately describe such a mechanism. Probably the inter-
facial tension of the chemical with water is an important physical property.

V.4 Spreadihg Models With Evaporation

As discussed in Section V.1, spreading tests with non-volatile chem-
icals established the empirical constants in the spreading models, and the
wind tunnel and wind-wave tunnel tests discussed in Section V.2 established
the empirical constants in the evaporative mass-transfer coefficient corre-
tation. 1In this section, the effects of spreading and evaporation are com-
bined, and the model predictions are compared to tests of instantaneous and
continuous spills of volatile chemicals in the large basin. Spreading tests
that adeyuately demonstrate the effects of evaporation are difficult to con-
duct since the high wind needed to cause significant evaporatinn also tends
to move the slick to the boundary of the ba%in rapidly. The wind alse dis-
torts the shape of the slick so that it is wore difficult to determine the

slick area and the averaye diameter than it is for tests with little or no

wind.

......
.........
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Figure V.15 shows a comparison of the data for a large spill of pen-
tane, the most volatile of the test chemicals, to the prediction of the model
with evaporation included, as well as to predictions with the evaporat%on
suppressed by setting the wind speed to zero. Although the model fits the
data to within the scatter in the tests that were used to establish the
empirical spreading coefficients, the cumparison is not as close as the
typical comparison with non-volatile chemicals. This lack of good compar-
ison is not believed to be a deficiency in the model but, as mentioned above,
due to the difficulty in computing an accurate average diameter for a slick
that moved a significant distance away from the source during the test.

Figure V.16 shows a typical comparison of model and data for a con-
tinuous spill. The spreading model for these test conditions falls into
the exceptional category discussed previously in Section 111.2.4, namely,
the case where U is small in comparison to the qgravitationally-induced
spreading velocity. The model assumes a trianqular shape for the slick
when Uy > 0 (no matter how small Ur is), although the observed slick
was elliptical and surrounded the source rather than being totally downwind
of it. Thus, a first estimate of th2 sp1l1l size as a function of time was
made by setting the wind speed equal to zero in order to predict a radial
spreading. Although the model then matches the observed shape very well,
evaporative losses are not predicted since the assumed wind speed is zero.
Thus, to estimate the mass lost by evaporation, the model of an instantaneous
spill of the same total volume was exercised twice, once with the true wind
speed and once with the wind speed sot equal to zero. The difference in
evaporative Josses and slick diametzars were then applied to the continuous
spill results. The comparisia tc the data is not quite so close as was ob-
tained in general with the non-volatile chemical tests, but in this case the

model over-predicts the results.

Altogether, it is concluded that the models adequately predict the
effects of evaporation on the spreading of instantaneous and continunus

spills.
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VI. DEMONSTRATION CASES

The input and output data for five different examples of the com-
puterized models are presented in this section. Table VI.] gives a brief
description of each of the examples. They show most of the features of the
models and were selected to hightlight potential difficulties in interpreting

the computed results.

Table VI.2a is an exact copy of the user "prompts"; the input data,

and the input printout of Demonstration Case No. 1 as they would appear on
a terminal screen. The data following each ? are the input supplied by the
user. Most of the required input is self-explanatory. The “time increment”
requested at the fourth prompt is the ‘integration time step; a value of 1.0
second is suggested and has been found to'be‘satisfactory for spills of -
practical size and duration, but here the spill is quite small so a shorter
time step is used. The "run time" requested at the fifth prompt is the
ma x imum ]eng;h of time that the slick motion will be followed; the computa-
tions will cease at this time unless one of the other termination criteria
is met first. (The criteria are: slick has evaporated and/or dissolved to
zero thickness; the thickness of the thick slick is less than the aliowed
value given as input; or the slick has reached a lake boundary or a coast.)
The "minimum thickness of thick slick" requested at the sixth prompt is the
user's estimate of the thickness below which the thick slick begins to spread
predominantly in the surface tension-viscous mode (i.e., as a thin slick);
computations cease when the thickness falls below the input value, and a
, notification is printed in the output. The present experiments indicate

that 0.0001/meters is an appropriate value for this thickness. The "thick-
ness of thin slick” requested is ncrmally the same as the minimum allowed ‘
value of the thick slick thickness although the equality is not specifically
required. Later in the input, the requested wind direction is referenced to
the positive x-axis. The jast input, the printout time step, is the time
duration between printouts of the results; oniy forty printouts are allowed,
so the user should make sure that the ratio of run time to printout time

step is not larger than forty,

1ouUS PAGE
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TABLE VI.2a [INTERACTIVE INPUT FOR
DEMONSTRATION CASE NO. 1

?Eggsk THE IKTLE FOR THIS RUN..
INPUT THE AMBIENT TEMPERATURE IN CELSIUS.

INPUT THE BAROMETRIC PRESSURE IN MILL IBARS
OR 2ERQ, 8, FOR THE STANDARD SEA LEVEL PRESSURE
OF 1813.25 N8B.

IN?UT THE TIME INCREMENT IN SECONDS. TRY 1.0.

7I?Pg§3TgE DESIRED RUM TIME IN MINUTES
?I?PgT4HINIHUH ALLOWABLE THICKNMESS OF THICK SLICK IMN METERS.
INPUT‘THICKNESS oF THIN SLICK IN METERS.

PP302003323333 0303303830820 303 %1
¥  MWATER BODY DESCRIPTION
P2 232500020200 050022 08305000021

713 SPILL IN RIVER OR CHANNEL? Y/N
1S IT A LAKE? Y/M
7Y

’13 IT A CIRCULAR LAKE? Y-/N

GIiVE THE RADIUS AMD DEPTH OF THE CIRCULAR LAKE
(UNIT : WMETER)

? 20,0.3
: 7’3 THERE CURRENT? Y/N

?13 THERE WIND IN THE AREAR ? Y/N

?13 WIND SPEED CONSTAMT? Y/N

INPUT WIND SPEED (METER-SEC)> AND DIRECTIOM
ANGLE (DEGREES)

? 1.83,8

INPUT MEAN KAUE HEIGHT. (METER)
DEFAULT VALUE (EQ.C(I11.32> OF REPORT) IS USED
BY INPUTTING -1.

? .

81 .
GIVE SPILL COORDIMATES X AMD Y, IN METERS

? 9,8

23S P22 2220000020200
SPILL TYPE b 4
123332892033 333302 32

HE HAUE STANDARD PROPERTIES FOR THE FOLLOWING CHEMICALS

1. ALLYL CHLORIDE 2. BENZEMNE

3. BUTADIENE (1,2) 4, BUTYL ACETATE (ISO>

5. BUTYL MERCAPTAN (N) 6. CHLOROBUTA-i-3-DIENE

7. CYCLOHEXAME 8. CYCLOMEXENE

9. DIPROPYL ETHER (ISO> 18. ETHYL CHLORIDE
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s 11. ETHYL MERCAPTAN 12. HEPTANE (M)

NS 13. HEXANE (M) 14. METHYL CYCLOHEXANE

A 15. NONRNE (M) 16. OCTANE (M)

R 17. PENTANE 18. TOLUENE

EI! 19. TRIMETHYLBENZENE 20. XYLENE (M)

o0 ENTER THE NO. YOU WANT OR

e NHEGATIVE UALUE - IF YOU WANT TO INPUT THE PROPERTIES
" ' . 17 99 - IF THE CHEMICAL IS HOT OM THE LIST

BAROMETRIC PRESSURE 1813.258 MILLIBAR

TEMPERATURE ¢ 20.9@88 DEGREES C

CHEMICAL NAME IS: PENTANE
Zéﬁa CHEMICAL DENSITY = 626.88 KG/CU.M.
{fié MOLECULAR HEIGHT =  72.151 KG/KG-MOLE
i DIFFUSION COEFF (AIR> = .75000E-85 SQ.M./SEC
R DIFFUSION COEFF (HATER) = .848@0E-89 SQ.M./SEC
ifi; CHEMICAL UAPOR PRESSURE =  58772.29 NEWTON/SQ.M.
Ry SOLUBILITY IN WATER - .36 KG/CU.M.

N
e

THE IHTERFACE TENSION HWRT
THE INTERFACE TENSIOHN HRT

THE SPREADING COEFFICIENT
1S SPILL 1.
71

»
A
Ed

»
s

-
-

-
Y

LR

INSTANTANEOUS OR 2.

AIR IS .16846E-81 NEWTON/N.
WATER IS .58200E-81 NEWTON/N.

IS .65142E-82 NEWTON/N.
COMTINUQUS?

INPYT THE TOTAL SPILLED VOLUME (CUBIC METERD

2 7 .84
N INPUT THE PRINTOUT TIME STEP IN MINUTES.
o ? .866667
T
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Table VI.2b shows some of the computed results for Demonstratiaon
Case No. 1. (The printout of the input conditions is not given in the table,

~only the computed results. The actual printout includes the input.) First,

the results at the end of the gravity-inertial phase (0.14445 minutes, or
8.7 seconds in this case) are printed. Then the regular printout routine
begins at about 12 seconds, which is the first printout time greater than
the gravity-iﬁertia] spreading time that is an integral multiple of the re-
quested printout time step. (The printout occurs at 12.073 seconds rather
than exactly 12 seconds because the .time step of the numerical integration
scheme rarely coincides with the requested printout time step.) The print-
out gives information about the thick slick size, thickness, and mass, the
position of the center of the slick, and the mass of evaporated and dis-
solved chemical. Similar printout is given every four seconds (although
the results between 16 seconds and 80 secunds are not included here, for
brevity) until the requested run time is exceeded. None of the other termi-

nation criteria is met.

Table VI.3a shows the input for a continuous spill that is otherwise
similar to Demonstration Case No. 1. The computed results are shown in
Table VI.3b. Again, the results at the end of the gravity-inertial spread-
ing phase are given first. Note that for a continuous spill, the output in-
cludes data about the thin slick. Because there is no current, the trans-
port velocity is due only to the wind and is thus very small. As a result,
the triangular slick is much wider (17.0 meters) than it is long (3.55 meters).
In reality, the slick formed under such small transport velocity conditions
would be roughly elliptical and would enclose the spill source, rather than:
being entirely downstream of it; this was discussed earlier in Section III.
After the discharge stops at 1 minute, a switch is made to an instantaneous
model and the form of the printout charges to indicate it. Because of the
difference in shape of the slick assumed in the two models, there is a small
discrepancy in the predicted slick position at the time of the switch.
Moreover. only the location of the center of the slick is printed out for
the instantaneous model. In this case, the trianqgular slick is so wide
compared to its length that the instantaneous slick is allowed to spread

one-dimensionally (as if il were in a channel) until the shape becomes more
“squarish". AL thal Lime {which would occur here for a time longer than
159
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TABLLE VI.2b SAMPLE COMPUTED OUTPUT FOR
DEMONSTRATION CASE NO. 1

-«

n:gj’iL

\: G0000 000004800 009800000480PIP030000008000000000000008 0800000
S . SPREADING PUDEL QUTPUT .
A 000000008008 80 0300080008090 890009388800000000040004900000¢0004
A

ong THICK SLICK HaS SPREAL OVER A CIRCULAR AREA OF .24392E+02SCUARE METERS,
o wiTH 4 RAQIUS OF  .27865E¢0LPMETERS AFTER THE FIRST .14454E+00MINUTES
e

.\.-

Ry

N ‘

- TIME = 0.00 MINLTES 12.073 SECONDS

THICK SLICK AREA = +28605€+02 SQ.A, THICK SLICK TrICKNESS = .13457t-G2 METERS
THICK SLICK RAQIUS = .30179€«01L METERS

hE St
IR

Y TOTAL #ASS OF THICK SLICK = ,24813E+C2 KG.

X TOTAL EVAPORATED MA5S 't L22663E+C0 KG.

o= RATE OF EVAPORATION * W25091E-02 KG/USEC-5Cam.)

5y TOTAL O15SOLYED FASS s L 4h815E-04 XG.

RATE OF DISSOLUTION x .518531€-C6 XKG/(SEC~-5C 7.0

N -

P T0TAL »ass a  L25C40E+C2 KG.

Fo

N

oy THE CENTER OF THE SLICK 1S LOCATED AT x = ,77325E+GC RETEXS AND Y = 0. HETERS
f"o .

?:

L TINE = 0.00 PINUTES  16.073 SECONOS

A THICK SLICK AREA = ,32732€+02 SC. .M. THICK SLICK THICKNESS = (11959€-02 RETERS
T THICK SLICK RADIUS « .3227dE+0L HETEZS

- ‘

%

D TOTAL MASS OF THICK sSLICX s245C9€+C2 XG.

TOTAL EVAPORATED MasSS v 925CHEeCC XG.
RATE OF EVAPORATION *  ,2%091E-02 XG/(SEC-5Q.m.)
TOTAL DISSOLYED PrASS *  J11057E-C3 xG.

v .
-' .-'

) RATE QF O1SSOLUTION .51853E-06 XC/(SEC-SQ.P.)
rd
.\4
o 16TAL FassS 2 L25090E+C2 XG.
i :
o8 ThE CENTER OF THE SLICK 15 LCCATED AT x = o LL2GSE+Q1 ~ETERS AND Y =« O, FETERS
ML
£3
Y
. ..".
:;?
'_A'
!‘;
-:“ TimE = 1.00 PINUTES  20.071 SECONOS
-;ﬂ THICK SLICK AREA « S5F427E+02 SQ.M, THICK SLICK TEICHNESS = JATOHIE-NY METERS
e THICK SLICK RADILUS = .42331E+01 WETERS
i TGTAL RASS CF THICK SLICK = .16633E+C2 XG.
Al TOTAL EVAPORATED MASS . .H4049E+C1 XG.
1'; RATE CF EVAPONKATION 4 L25091E-C2 KG/U(SEC=SC.m .0
- TOTAL DISSOLYED MASS 2 LL7170E-C2 %G,
o RATE 1IF DISSOLUTICA . LSLAS3F =06 %G/ (SELG=SC.m.)
B TUTAL mASS v L I8CA0F G2 KG.
. .‘ A . . : )
!E IME CENTER UF THE SLICK 15 LCCATED AT x = LSI2BIEeCL METERS AND Y = L. NETERS
o
.
'\\.v
2
~
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TABLE VI.3a INTERACTIVE INPUT FOR
DEMONSTRATION CASE NO. 2

ENTER THE TITLE FOR THIS RUN..
? DENO NO. 2
IgPUT THE AMBIENT TEMPERATURE IN CELSIUS.
T 28
INPUT THE BARGMETRIC PRESSURE IN MILLIBARS
OR ZERO, O, FOR THE STANDARD SEA LEVEL PRESSURE
?OS 1813.25 MB.
"INPUT THE TIME INCREMENT IM SECONDS. TRY 1.0.

? .1
INPUT THE DESIRED RUN TIME IN MINUTES
? 1.33333
INPUT MINIMUM ALLOWABLE THICKNESS OF THICK SLICK IM METERS.
? 1.E-4
IHPUT THICKMNESS OF THIM SLICK IMN METERS.
? 1.E-4

b2 005353320302 22805853 000452
b4 HATER BODY DESCRIPTION 4
xtx:xxxt:xxxxxxxt:xxtzxxxxtxxx

IS SP!LL IN RIVER OR CHANMNEL? Y/N
? N
IS 1T A LAKE? Y/N

? Y

IS IT A CIRCULAR LAKE? Y/N

GIUE THE RRDIUS AND DEPTK OF THE CIRCULAR LAKE

(UNIT : METER
? 28,9

713 THERE CURRENT? Y/N
?13 THERE WIND IN THE AREAR 7 Y/NM
?!3 HIND SPEED CONSTANMT? Y/NM

INPUT WIND SPEED (METER/SEC)> AND DIRECTION
ANGLE (DEGREES)
? 1.94,8

INPUT MEAN WAUE HEIGHT. (METER)
DEFAULT VALUE (EQ.(111.32> OF REPORT) IS USED
BY INPUTTING -1.

? .01
7CéU§ SPILL COORDINATES X AND Y, IN METERS
H ’
1222322208235 2202524]
3 SPILL TYPE b ¢
IXT4ETXXTTXXTITLRLRAR
WE HAUE STANDARD PROPERTIES FOR THE FOLLOWING CHEMICALS
1. ALLYL CHLORIDE 2. BENZENE
J. BUTADIENE (1,2> 4. BUTYL ACETATE ¢1S0>
3. BUTYL HERCQP?QN ¢, D) 6. CHLOROBUTA-1-3--DIENE
7. CYCLOHEXANE 8. CYCLOKEXEKE
9. DIPROPYL ETHER (1I1SD)> 19. ETHYL CHLORIDE
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i1,
13.
15.
17.
19.

17

.

TABLE VI.3a (CONTD)

ETHYL MERCAPTAN 12. HEPTANE (M)

HEXAHE (M) 14, METHYL CYCLOHEXANE
NONANE (M) 16. OCTANE (N>

PENTANE 18. TOLUENE
TRIMETHYLBENZENE 28, XYLENE (M)

ENTER THE HO. YOU WANT OR
NEGATIVE UALUE - IF YOU WANT TO INPUT THE PROPERTIES

99 - IF THE CHEMICAL IS NOT OM THE LIST
BARGMETRIC PRESSURE 1013.258 MILLIBAR
TENPERATURE @ 20.088 DEGREES C

CHEMICAL NAME IS: PEMTAME

CHEMICAL DENSITY = 626.88 KG/CU.M.
MOLECULAR WEIGHT =  72.151 KG/KG-MOLE

DIFFUSION COEFF CAIR) .7S@A0E-85 SQ.M. SEC
DIFFUSION COEFF (MATER) = .848B0E-89 SQ.M. SEC
CHEMICAL UAPOR PRESSURE $8772.29 MNEMTON/SQ.M.
SOLUBILITY IN WATER .36 KG/CU.M.

THE IMTERFACE TENSIOH WRT AIR .IS .16046E-81 NEWTON/M.
THE INTERFACE TENSION WRT WATER IS .350280E-81 NEWTON/NM.

THE SPREADIHG COEFFICIENT IS .63142E-82 HNEWTON/M,

i

?lg SPILL 1. INSTAMTANEOUS OR 2. CONTINUOUS?

;INPUI THE RATE OF DISCHARGE (CU.M./SEC)

QIHPUT THE TOTAL DURATION OF SPILL IN MINUTES

?

INPUT THE PRINTOUT TIME STEP IN MINUTES.
.B66667
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TABLE VI.3b SAMPLE COMPUTED QUTPUT FOR
DEMONSTRATION CASE NO. 2

000000088000 00000000008 8908008082000 000000000300¢9¢0090000099y

. SPREADING MUDEL UUTPUT .
0000000800008 00048808309 0800006800800 3000090900000 4088080000000

THICK SLICK HAS SPREAD OVER AN ELONGATED TRIANGULAR AREA OF «JOLbhEEQ2
SQUARE NETERS AFTER A TIME OF 87LL7E+QOMINUTES.
THE THICK SLICK LEAOING EOGE IS5 .170Q0€+02 rETERS AICE ANC IS .1549LlkeQl PETERS

DQWMSTREANM.
THE TPHIN SLICK AREA IS EQUAL TU .24135€E+03 SQUARE METERS.

TINE = 0.00 MINUTES 56.070 SECGADS
THICK SLICK AREA = ,33441E*02 S5C.M. THICKX SLICK THICKNESS = .92715€-0) METERS

THICK SLICK DOWNSTREAN wiOTH = «L7568E+0Q2 METERS
THIN SLICK AREA = .24556E€+0) SQ.M.
THIN SLICK DOWNSTREAM WIOTH = _,1290CE+03 PETERS

«15409€¢C2 xG,

TOTAL MASS OF THICK SLICK =
TOTAL EVAPORATED PFASS n  JILB67E+CO XG.
RATE OF EVAPORATION *  J283726-C3 KC/(SEC-SC.F.)
TOTAL DISSOLVED MaASS =  L66037€-04 XG.
RATE OF OlSSCLUTION * . 54650€6=-06 XG/(SEC~SC.m.)
TATAL MASS QF THIN SLICK = ,15372€+C2 KG.
TOTAL MaSS »  .3S1COE+C2 KC.

THE LEADING EQGE CF THE SULICK IS5 LUCATEU AT x = _JECT72€+ClL PFETERS AMD
Y = 0. METERS

TrE TRAILING EOGE OF THE SLICK [S LOCATED AT THME SPILL CRIGIN

TIRE = 1.00 PINUTES +070 SECONOS
THICK SLICK AREA « ,36957€+02 5Q.M. THICX SLICK THICKNESS = .91905E-03 ™ETERS

THICK SLICK QOWMSTHEAM «4[0OTH = _1HL122E+N2 MZTERS
THEIN  SLICK AREA = ,25002E+03 5Q.n.
THIN SLICK DOWMNSTREAM wlOTH « «1226CE*Q3 PETERS

«21262E8+4C2 KGC.

TOTAL MASS OF THICK SLICK =
TOTAL EYAPORATED MASS = .68992£+CC KG.

RATE OF EVAPURATIGN » L263726-C2 KG/(SEC-SQare)
TOTAL OISSOLVEQ Mass = ,14297e-C13 XC.,

RATE QF O1SSOLUTION = .54850E-C& XG/ISEC-SG.M.)
TATAL MASS OF THIN SLICK = _195691E+CZ KG. ‘ '
TOTAL fASS - «J76Q4E*C2 KG.

THE LEADING EDCE CF THE SLICKX IS LICATED AT ¥ = _40794F+0L ®ETERS ANC
Y ~ C. METERS

TRE TRAILING E0GE OF The SULICK IS LOCATED al THE SPILL CRIGIN

TINE « 1.00 MINUTES 4.070 SECONDS
THICK SLICK AREA = ,36618Ee02 SU M. THICK SUICK THICKNESS » .910€2t-0) =£7fc5

«20R?4E+02 xG.
«1C780E«C1 xG,
263728-C2 KG/LSEC-5C.m,)
«22339€-0) xG.
«94650k~CE XGAUSEC-SC. ML)

TOTAL MASS OF THICK SLICK
TOTAL EVAPORATED MASS
RATE CF €VAPORATIOAN

TOTAL DISSOLYED FaASS
RATE CF DISSOLUTION

LI I

TCTAL maSS ¢ L219%2f0C2 KG.
THE CENTER OF TrE SLICK 15 LUCATED AT X =  .2GUCMESCL METERS ANG Y ~ C. PETES
163
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TABLE VI.3b (CONTD)

1.00 mINUTES H,0 20 SECENCH
THICK SLICK AREA o  ,)6279E¢02 Sd.=. THICK SULICK THICHAESS = ,40220E~03 METERS

TOTAL MASS OF THICK SLICK = ,2C490€+C2 «C.
TOTAL EVAPQRATED mASS s Ll4625%E0C1 XGo. ‘
RATE QF EVAPORATIONM = J262128-02 XG/USEC~-SC.P.)

TOTAL OUSSOLVED masS «IC3UAE-CY XG.
RATE QF OISSOLUTION «H4b508~Ch KG/ISELC-50.7.)

TOTAL MaSS ‘o L2192 4C2 XG.

THE CENTER OF THE SLICK [S LCCATED AT » o (32¢24E+C] PETERS AND Y = 0, PETER

1.00 MINLTES 12,070 S¢CONOS .
THICK SLICK AREA = 35940602 5Q.%. THICK SLICK TrICKNESS = ,a9377€-03 =ETERS

TOTAL MASS OF THICK SULICK =« ,2QLl09€«(C2 %G

TOTAL EVAPORATED maSS - el18434E+C(1 KG.

RATE OF EVAVORATICN »  L26372€-02 XC/USEC~SC.Pe)

TOTAL OISSOLVED PasS = .332006-C) KGC.

RATE GF DISSOLUTION a L54650€-C6 KGSISEC-SUL®a)

TOTAL MASS Cw L219526+C2 %G.

THE CENTER OF THE SLICK [S LOCATED AT x = L3S )4CEeCL METERS AND Y = C. L RELL

L.00 PINUTES. 16,070 SECCNIS )
THICK SLICK AREA = .356002E*0Q2 SQ.A. THIC® SLICK THICKNEDSS = JpABS34E~0) “ETERS

TOTAL masS OF THICK SLICK ~ 19731E+02 xG.

TOTAL EVAPORATED mASS  L222U7EeC1 XG.
RATE OF EVAPQORAT[ON . L263726-C2 XG/(SEC=58.7)
TOTAL OISSOLYED »ASS = L,4¢0L7E-CI KG.
RATE OF DISSOLUT(GN e . 94KSIE=Ch KG/ISEC=S0.P.)
TOTAL MASS = L21952E+C2 XG.

fHE CENTER OF THE SLICX IS LOCATED aTl x - .J8056E¢01l METERS ANO Y =« G =€ TERY

1.00 FINUTES 20,070 SECONDS
THICK SLICK AREA = ,35263E+02 S5Q.M. THICK SLICK THICKNESS = H1692€-03 METERS

TOTAL MASS OF THICKX SLICK = .19357E+02 XG.

TOTAL EVAPORATED MaASS = L 25945E+C) XG.

RATE OF EVaAPORATION = ClB1T2E~0F XG/IUSEC-5Q.M.)

TOTAL OISSOLYED MASS b «953765€-C3 ¥G. '

RATE OF DISSOLUTICN - +54650E-C6 KG/ISEC-5Q.m.)

TATAL MASS = «21952€¢C2 XG.

IHE CENTER OF THE SUICK 5 LCCATED AT x = .6U27¢€+01 =ETELY Amn 7 = r. “ETER"
164
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the run time), the instantaneous model is changed to the open-water case,
and the slick is assumed to be circular subsequently.

Input for Demonstration Case No. 3 is shown in Tavle VI.4a. For this
case, the current is non-zero and its x and y componenté are input at the
fourteenth prompt. Also, the chemical properties are input separately, rather
than taken from the data for the twenty chemicals included as samples in the
model. Sample output is shown in Table VI.4b. The change in the form of the
output should again be noted when the discharge stops after 30 minutes. In
this'example, the shape of the slick is such that the instantaneous model is
immediately assumed to be the open water case; the slick spreads symmetrically,
and the radius of the thick slick is printed out.

Input for Demonstration Case No. 4 is shown in Table VI.5a. The width
and depth of the channel are input at the eighth prompt. The bottom rough-
ness is input at the ninth prompt; the computed results are practically inde-
pendent of bottum roughness for realistic values of channel depth, so the
default value can be used with Tittle or no loss of accuracy when the actual
bottom roughness is unknown. The wind direction for a channel is referred to
the downstream channel direction (thé fifteenth prompt). Sampie output is
given in Table VI.5b. The initial printout for this case is data about the
slick at the time it has just spread across the entire channel. During this
first 2.09 minutes, the slick is triangular and the leading edge moves down-
stream at a speed equal to UT; see Equation (I11.17). After the slick
extends across the entire channel, the spreading is one-dimensional, and the
leading edge is transported downstream at a speed equal to a combination of
Uy and the gravitatiunal spreading velocity. Further, at the time the
models are switched, the area of the trianqular slick is assumed to be in-
stantaneously spread uniformly across the channel width. For these reasons,
there is a small discrepancy at the switch-over time in the position of the
leading edge of the slick. (The discrepancy is not apparent in the printout
because of the long time between the first 2.09 minutes and the first of the
regular printouts at 15 minutes.) Note that after the discharge stops at 60

minutes, the printout form changes and the slick moves hodily downstream.
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TABLE VI.4a [INTERACTIVE IHPUT FOR
DEMONSTRATION CASE NO. 3

ENTER THE TITLE FOR THIS RUN..
7 OEMO NO.

INPUT THE RHBIENT TE:“ERATURE IN CELSIUS.
? 29

INPUT THE BAROMETRIC PRESSURE IN MILLIBARS
OR 2ERO, O, FOR THE STANDARD SEA LEVEL PRESSURE
OS 1813.25 MB.

X?PUT THE TIME INCREMENT IN SECONDS. TRY 1.0.
INSUT THE DESIRED RUN TIME '.{ MINUTES
7I?PET4HINIHUH ALLOWABLE THICKNESS OF THICK SLICK IN METERS.

7IP;IP!E.:}T THICKNESS OF THINM SLle IN METERS.
4

LRS00 PR 0232000205282 02022
3 WATER BODY DESCRIPTION ¢
EXLITXXTIXITIIXIIRTCTTLIRALIINER

IS SPILL IN RIVER OR CHANMEL? Y/N
? N

|
\
IS IT A LAKE? Y/M
7Y
|
{

713 IT A CIRCULAR LAKE? Y/N

|
GIVE THE RADIUS AND DEPTH OF THE CIRCULAR LAKE
(UMIT : HWETER)
? 200049, 189

{S THERE CURRENT? Y/NM
Y !

{S CURRENT CONSTANT? Y/N
2y

INPUT COMSTAMT CHRRENT SPEED UCX AND UCY
(UMIT : METER/SEOD)
? 8.5,8.1

IS THERE WIHD IM THE AREA ? Y/N
v

IS WIND SPEED COMSTANT? Y/N
7Y

INPUT WIND SPEED (METER/SEC) AWD DIRECTION
ANGLE (DEGREES?
7 3.,30

IHPUT MEAN WAVE HEIGHT.(METER)
DEFAULT VALUE (EQ,(TI1.32> OF REPORT)> IS USED
BY INPUTTING -1. i

7.9
GIVE SPILL COORDIMATES X AND Y, IN METERS

70,8
13322283 2222083 030533+
4 SPILL TYPE X
b 8222520505022 2224¢81
ME HAUE STANDARD PROPERTIES FOR THE FOLLOMING CHEMICALS
1. ALLYL CHLORIDE 2. BEMNZENE
J. BUTADIENE (1,2 4. BUTYL ACETATE (ISO»

S. BUTYL MERCAPTAM (N) 6. CHLOROBUTA-1-3-DIENE
7. CYCLOMEXAME . B. CYCLOHEXENE
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TABLE VI.4a (CONTD)

9. DIPROPYL ETHER (ISO> 18. ETHYL CHLORIDE

11. ETHYL MERCAPTAN 12. HEPTANE (N)

13. HEXANE (N> 14, METHYL CYCLOHEXAQNE
15. NOMANE (H) 16. OCTANE (W)

17. PEHTANE 18. TOLUENE

19. TRIMETHYLBENZENE 20. XYLENE (M)

ENTER THE NO. YOU WANT OR
NFGRTIUE VALUE - IF YOU WANT TO INPUT THE PROPERTIES
- IF THE CHEMICAL IS NOT ON THE LIST

Eg;gR ITS DENSITY IN KG/CU N,
INPUT ITS MOLECULAR WEIGHT IN KG/XG-MOLE.

? 114,32
?EgTER 2IFFUSXON COEFFICIENT OF VAPOR IN AIR IN SQ M/SEC.
? 5.8E-
EHTEREDgFFUSION COEFFICIENT OF LIQUID IN WATER IN SQ@ M/SEC.
? 6.38 -

| 7!5 PU (URPOR> 1. A NUMBER OR 2. A FORMULA?
? 1

ENTER COHSTANT PV
? 1391.74

INPUT THE SOLUBILITY LIMIT OF CHEMICAL !N WATER (KG-sCU.M.)
? .02

IHPUT (1) CHEMICAL/RIR INTERFACE TENSION AND

(2) HATER/CHEMICAL INTERFACE TENSION

UNIT : MEWTON/M.

? 2.1618E-2

? 5.88E-2
BAROMETRIC PRESSURE : 1013.2%9 MILLIBAR
TEMPERATURE ! 208.0808 DEGREES C

CHEMICAL NAME IS:

CHEMICAL DEMSITY = 809.80 KG/CU.M.
MOLECULAR HWEIGHT = 114.320 KG/KG-MOLE

DIFFUSION COEFF (RIRD = .38860E-85 SQ.M./SEC
DIFFUSIGN COEFF (MATER) = ,63806E-88 S0.M./SEC
CHEMICAL VAPOR PRESSURE = 1391.74 NEWTOM/SQ.N.
SOLUBILITY IN WATER = .82 KGsCU.M.

THE IMTERFACE TEMSION WRT AIR IS .21618E-81 NENTON/M,
THE INTERFACE TEMSION HRT HATER IS .50800E£-81 NEWTON/M,

THE SPREADING COEFFICIENT IS .34208E-83 NEWTON/M,

1!3 SPILL t. INSTANTANKEOUS OR 2. CONMTIMUOUS?
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329 TABLE VI.4a (CONTD)

- N _ [NPUT THE RATE OF DISCHARGE (CU.M./SEC)
- > .9

.?e IHPUT THE TOTAL DURATION OF SPILL IN MIMNULTES
N ? 30.

7INPUT THE PRINTOUT TIME STEP IN MINUTES,
? 18.
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;ﬁ TABLE VI.4b SAMPLE COMPUTED OUTPUT FOR

" DEMONSTRATION CASE NO. 3

.i\ |

,’% ) CETOOICOUIE00 009093000 C0TIN00ICINICINTEIINEININICITITTIOIOIUETSTYD

‘s . SPREADING »00EL QU IPUT .
0080090800000 04N0¢00000000808800000080000008000000304000080000

D
e

«2190%E +0s

i

THICK SLICK HAS SPREAD QVER AN ELCNGATEC TRIAAGULAR AREA CF

SQUARE METERS AFTER A TIME OF L2936LE-QLmINUTES.
THE TRICK SLICK LEADING ECGE (5 «47179€#02 PETERS w0t ANO IS .92867€+02 METEQS

DOWRSIREAN,

f
Ld

&4, 4

¥

.
.
o

THE THIN SLICK AREA [S EQUAL TO .179%24E+039 SCUARE PETERS.

TIng = 10.00 MINUTES «168 SECONDS
. THICK SLICK AREA o .19298E+C% SU."., THICYK SLICX THICKNESS = J11258€-02 “ETERS

THICK SLICK OCmNSTREA® wIOTH = ,d1932€+92 PETERS

THIN SLICX AREA = ,22478E«Q5 SQ.M,
THIN  SLICK DOwnSTREAP WlUTF o ,12274€+9) METERS

.

TOTAL waSS 0F THiICKk SLICK «13779E0CS <G,

TOTAL EVAPQORATED mass * .41207€+C3 XG.
RATE QF EVAPORATION = J11161E-03 xGC/ESEC~5C.r.)
TOFAL OISSOLVED PasS = 453931E+CC NG

RATE CF OI1SSQLUTICA «1460B€-Ch KG/ISEC-5Q.7,)
«17982€+C4 xG.

L TOTAL “ASS OF THIN SLICX
P '
X TCTAL ®ASS = J1959R3ESCS <G
Loa
. .
B THE LEMOING ECGE OF THE SLICY IS LOCATED 4T ¢ »  ,3%466Een3 PETEQS 4nD
- ' Y e (91526Ee02  RETERS
R ) TrE TRAJLING EOGE OF THE SLICK IS LOCATED AT The SPILL CRIGIN
o |
g
iy TInE = 20.0C PINUTES sled SECINCS
. THICK SLICK AREa &  ,39133Ce05 $SQe". THICK SLICK THICKNESS ~ ,H7421E-03 YETERS
e TRICK SLICK DJanSTREA® 40Tk = ,108dee0) @ETERS
. THIN  SUICK AREA = ,29927€+05 SC.n,
g THIN  SLICK OGWNSTREA® w{Ufk » ,d170S¢eul METERS
- '- ‘
N
AN TOTAL #ASS OF ThrICk SLICK « ,27340€+C5 ¥G.
N TOTAL EVAPORATED ™aSs = L,220/73E+Qa <G,
4 RATE CF EVAPORATION ©  LlL181E=C) KG/(SEC-5C.P.1
g N TOTAL OISSOLYED wass e ,28889€+C1 <G
> 8K RATE OF DISSOLUTION = LL46CBE~C6 AG/(SEC-SC.».)
L)
AN
WO TOTAL WASS OF THIN SLICK + .2193HE+C4 XG.
;!E TOTaL maSS C ot L31972€4C5 G,
- _ THE LEADING EQGE CF THE SLICK 1S LOCATED AT x = ,7C922€403) METERS AND
< Y o»  ,18303E+n03 KETERS
- TRE TRAILING EDGE CF THE SLICK IS LGCATED 4T THE SPILL CRIGIN

s’
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"TOTAL maSS OF THIN SLICK

TABLE VI.4b (CONTD)

3C.00 PINUTES «164 SECONOS
THICK SLICK AREA = _56465€6+0% SQ.A, TMICK SLICK THICKNESS
THICK SLICK DCwMNSTHREA™ wW[OTF « ,1210CE+03 METERS
THIM  SLICK AREA = ,38261E+40°% 5Q.M.
THIN  SLICK DCaNSTREAF WILTF «  ,£9652E402 FETERS

*  +73b44E-03 METERS

TCTAL »AaSS CF THICx SLICK =  L,39198€+(C% XC,
TCTAL EVAPCRATED =aSS " .457302E+C4H %G,
RATE GF EVAPORATICN *  «l1161t~C) XC/{SEC-5C.",)
TOTAL CISSOLYED ™ass = L 74996teC) G,
RATE CF DISSQLLTICA * <le6CBE~CU XC/(SEC-3C.P,)
®* +3C6C9¢«(Ca xG,

TCTAL mass

.

«b79560E€¢C% XGo

THE LEADING EOGE CF THE SLICK IS LOCATES AT X = L.1CEISE+0a METERS ANC

Y o ,27453E+0) PETFRS
TRAILING EOGE OF THE SLICX 1S LQCATED AT TrHE SPILL CRIGIN

40.0C MINCTES <168 SECCINDS
THICK SLICK AQE4 *  ,H2383IS€2CS 5Co™. THICK SLICK TRICKNESS e «68118E-03 mETERS
THICK SLICK RADIUS » ,1425%E+C3 RETERS . ’
TOTAL =a5S OF THICKk SLICK « .3a787€+(5 %G,
TOTAL EVAPORATED *ass " L10096E+CY XG,
RATE JUF EVAPQRATICN e J11161€6-0) XGC/{SEC=SC, P,
TOTAL OISSOLYED PaASS o .13213E+C2 KG.
RaTg OF OISSCLLTICON = W 14608E-Co XG/USEC-SC.» )

TCTAL maSS = L 448G6E+CY KG.

FHE CENTER CF ThRE SLICK IS LOCATEC AT X »  L1C&I7E+C4 METERS AND Y o 274526403 METERS

90.00 RINUTES «168 SECONDS
THICK SLICK AREA = L60749€+05 SOM. THICK SLICK THICKNESS = .52979€-0) METERS
TMICK SLICK RADIUS « .13906E+03 WETERS

TOTAL MASS OF THICK SLICK =« ,30607€+05 xG,

TOTAL EVAPORATED PaASS v L14270E4C5 XG,
RATE OF EVAPQRATION ® L1116 1E-C] XG/(SEC~SQ.P,)
TOTAL DISSOLYED MASS *  J18e7e€+C2 G,
RATE OF DISSOLUTICN *  J14608E-Ct XG/USEC-SQ.P,)
TOTAL PASS * J44896£40% XG,

THE CENTER OF THE SLICK 1S LCCATED AT x = ,10187E+Ce PETERS ANO Y = ,388C2€4C3 METERS

6C.00 PINUTES »168 SECCNMDS
THICK -SLICK AREA o  (57271€+40% 50,M, THICK SLICX TrHICKNESS = .581636-0) METERS
THICK SLICX RADIUS = .13502€+0) METERS

TOTAL mASS OF THICK SLICK = ,26648€40% KG,
TOTAL EVAPORATED PaSS v L1822)E+Q0% KG.
WATE CF EYAPORATICM * J11161E=C) KG/(SEC~SQ.M,)
TOTAL O1SSOLYED Fass * J238%91E¢C2 XGo.
RATE CF DISSOLUTION ®  J14608E~Ct XC/USEC~-35Q.r.)

TOTAL Pass = LANB9bEeQs XC,

THE CENTER OF THE SLICK IS LOCATEC AT x » .1772GEeCa METERS ANO Y = ,487$2E+03 METERS
170




TABLE VI.5a INTERACTIVE INPUT FOR
DEMONSTRATIOM CASE NO. 4

ENTER THE IITLE FOR THIS RUN..

? DENO NO
INPUT THE AMBIENT TEMPERATURE IN CELSIUS.

' INPUT THE BAROMETRIC PRESSUxz IN MILLIBARS
OR ZERQ, 8, FOR THE STANDARD SEA LEUEL PRESSURE

0; 1813.25 MB.
I?PUT THE TIME INCREMENT IN SECONDS. TRY 1.8.

INPUT THE DESIRED RUMN TINME IN HINUTES

128.
INPUT MINIMUM ALLOWNABLE THICKNESS OF THICK SLICK IN METERS.

‘ ? 1.E-4
h o 7nlwgrqucxusss OF THIN SLICK IN HETERS.

N ' x:xxxxxitxxxxxxxx:xxxxxxxxxtxx
‘ *  WATER BODY DESCRIPTION ¢
PO P3PS0 0 2000000002000 200020541

IS SPILL IN RIUVER OR CHANNEL? Y/N
GIVE THE HIDTH AND DEPTH OF THE CHANNEL C(IN METERS)

? 38,10

INPUT THE BOTTOM ROUGHNESS(HETERS) OF THE CHANNEL.
?IgPUT ZERO, 8 IF YOU WANT TO USE THE DEFAULT VALUE.

RE THERE CURRENT IN THE CHANNEL? YN
2 ¥
1S IT TIoAL CURRENT? Y/N

CURRENT SPEED MUST BE CONSTANT.
7INPUT CURRENT SPEED METER/SEC
1.

IS THERE WIND IN THE AREA ? Y-N
Ty

IS WIMD SPEED CONSTANT? Y/N
?Y

INPUT WIND SPEED (METER/SEC) AND DIRECTION
ANGLE (DEGREES)

? 3.,135.
' EXXXXXXTXLIXTIRELRES
z SPILL TYPE b §
ELXLIXIXTITXLRRIALLLR
WE HAUE STANDPRD PROPERTIES FOR 1#5 FOLLOWING CHEHICQ‘
1. ALLYL CHLORIDE 2. BENZENE
3. BUTADIENE (i,2) 4. BUTYL ACETATE (I1S0>
5. BUTYL MERCAPTAN (M) 6. CHLCROBUTA-1-3-DIENME
7. CYCLOHEXAME 8. CYCLOMEXENE
9. DIPROPYL ETHER (I1S0> 1@, ETHYL CHLORIDE
11. ETHYL MERCAPTAN 12. HEPTANE (N>
13. HEXANE (M) 14. METHYL CYCLOHEXANE
15. NONANE (M) 16, OCTANE (N)
"~ 17. PENTANE 13. TOLUENE
19. TRIMETHYLBENZENE 28. XYLENE (MO

ENTER THE NO. YOU WANT OR
MEGATIVE UALUE - IF YOU WANT TO INPUT THE PROPERTIES
99 - IF THE CHEMICAL IS MOT OM THE LIST

? 16 171
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TABLE VI.5a (CONTD)

BAROMETRIC PRESSURE @ 1813.238 MILLIBAR

TEMPERATURE ¢ 20.808 DEGREES C

CHEMICAL NAME IS: OCTAME (MO

CHEMICAL DENSITY = '~ 783.83 KG/CU.M.
MOLECULAR HEIGHT = 114.232 KG/KG-MOLE

DIFFUSION COEFF (AIR) = .58800E-85 SQ.M./SEC
DIFFUSIOM COEFF (WATER) = .63800E-89 SQ.M.-/SEC
CHENICAL VAPOR PRESSURE = 1391.74 NEWTON/SQ.NM.
SOLUBILITY IN KWATER a .02 KGsCU.M.

THE IMTERFACE TEHSIGH WRT AIR IS .21618E-81 MERTOM/N.
THE INTERFACE TENSION WRT WATER IS .S@880E-81 NEWTON/M.

THE SPREADING COEFFICIENT IS .34188E-83 NEWTON/N.

713 SPILL 1. INSTAMTANEOUS OR 2. CONTINUGUS?

INPUT THE RATE OF DISCHARGE (CU.M./SED

? .1

7123UT THE TOTAL DURATION OF SPILL IH MINUTES

oITEUT THE PRINTOUT TIME STEP IN MINUTES.
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TABLE VI.5b SAMPLE COMPUTED OUTPUT FOR
DEMONSTRATION CASE NO. 4

0PIV 00000080 000009009800 000040900008080000800404¢0090000009900

. SPkt 4aDING PO0EL Qulrud L
0000008 903904809000 4893800 908890899808 09080¢000009004008000080009

ITNICK SLICK HAS SPREALC! ACROSS THE CHANMEL w]OTr ANC CCVERS AN AREA CF  L.29075E+04
SQUARE METERS AFTER A Time GF «20938E+01 MINUTES.

THE SLICK LEACING ECGE: IS +11¢306+03 METERS COWNSTRESN,

TIPE = 15.00 MINGTES +626 SECONDS

THICK SLICK AREA = .62949E405 S$Q.M. THICK SLICK THICKNESS = .131656-02 METERS
THIN  SLICK Aaj = .232n5E+055C.n.

TOTAL MaSS OF THICK SLICK = ,58259E+C9 «G.
TOTAL EVAPORATELC masSS «J4025€+04 XC.
RATE CF EVAPORATICAN +13604E-C3 XC/(SEC=SCLP4)
TOTAL CISSOLVED maSS »  J16999€+C2 XGC.
QaT¢ QF DISSOLUTION = L t19b0E-06 XC/U(SEC~SCaleld
TOTAL MASS OF THIN SLICK +16355F«04 xC,

4
I
|
|
1
1
i
|
|

TOTAL massS

«b63314E+C5 KGo

|
THE LEADING EDGE OF THE SLICK S LOCATED AT X = L12590E+O4METERS
THE TRAILING EDCE OF THE SLICK IS LOCATED AT x « 0. RETERS
. |

TINE = 30.0C mINLTES «h26 SECONDS

THICK SLICK AREA = ,13481E+0¢ SQ.M. THICK SLICK TRICKNESS = L11938E-02 METERS
THiN  SLICK Aaeﬁ «  L23271£+095Q.7,

|
TOTAL PASS OF THICK SLICK »  ,1093%+06 XG.
TGTAL EVAPQRATED Mass " .19524E+C9% xG.
RATE OF EVAPORATION = L,13604€=03 XG/(SEC-5C.7.)
TOTAL CISSOLVEG : mass «77562£+02 %G,
RATE OF OISSOLLTION 67966606 KGC/(SEC~SQ.P,)
TOTAL PASS OF THIIN SLICX «1E3%9E+CH XG.

i

TOTAL PASS | «12658E9C6 XG.

i
Tre LEADING ECCGE'CF THE SLICK 1S LOCATED al X = _2¢962E+04n€ETERS
THE TRAILING EUGE OF THF SLICK S LOCATED AT a1 - O. nETERS

i
|
- 0.0 PINUTES .626 SECCNOS ) _
Tine TH!CKCSLIEK ARE . = 26092608 SG.m. THICK SLICY TRICKNESS = .9¢912E-03 =ETERS
TMIN  SULICK AREA = 2)2B2Ee085C.%.

TTOTAL maSS OF THECK SLICX = .1#S79E+Ce %G,
TOTAL EVAPORATEC MASS A IRTE QS KG.

RaTE CF EvAPORATICA . DLJELAE-CY HC/{SEC-5C.P])
T0TAL DISSOLYED 'RASS « L 12RA0ECY xG,
RATE QF DISSOLUTICHN - L 1hsE=C6 KGIUSEC-SQ.P L

TUTAL mASS JF THEN SLICK - Jlhdln 04 <G,
TataL MASS i - L2520 0n XL,

|
)

IME LEADING COCE WF THE SLICK 1S LOCATED AT ¢ = .quu«eoo~~:1&as
THE TRalL ING EOCH OF THE SLICK 1S LECATED a1 s « 0. ETERS
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TABLE VI.

75.0C PINUTES 626 SECCNCS

5b

(CONTD)

THICK SLICK AREA = ,24905c¢+06 S5d.M. THlCX SLICK TrRICKNESS

TCTAL maSS CF THICK SLICK = ,153A5%E+Ce

TOTAL EVAPURATED MASS . L 1150€eCt
RATE CF EVAPQRATICN - NETITET o]
TOTAL OISSOLVYED raSS . <4d93dE*CI
RATE CF 0ISSOLUTICA . Ln19b6E~Co
107aL *ass C s LgSie9EeCE

THE wrCLE SLICK HAS mUVED «15124E+04METERS

TeE OQaNSTREAP EOGE QF THE SLICK IS AT

<G
<G
xG
<4
XG

<G
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FUSEC-S5C.r.)

/1SeC-50.",)

«bN22GF e04 =ETERS

«H7H74E~0) “ETERS

AND THE LPSTREA™ EDGE IS AT

«LOALYE «OA METERS



PO Input for Case No. 5, a continuous spill in an irregularly-shaped
lake with a current that is a function of both position and time, is shown
in Table VI.6a. Figure VI.1 shows the lake graphically s well as the
currents in the 3x 3 grid at the instant the spill occurs. As shown in
Table VI.6a, the shape of the lake is specified (beginning at the twelvth
prompt) by ten pairs of x,y coordinates. The coordinates should be input
in counterclockwise order, starting with the point having the smallest

: x-coordinate. (An arbitrarily-shaped coast should also be input starting
L A with the smallest x-coordinate.) The x-coordinates of the current grids

. ' ‘, are input as a group, starting with the smallest value (which must equa]y

N - the smallest x-coordinate of the lake) and ending with the largest value
(which must equal the largest x-coordinate of the lake). Likewise, the
y-coordinates of the grid are input as a group, and the largest and smallest
coordinates must satisfy similar conditions. Next, the x and y compo-
nents of the current in each of the nine boxes of the grid are input.

Since the current has been specified as a function of time in the input,'
the x and y components must be input ten times, one for each of the ten
instants of time that are input after the currents are given. The smallest
time value must be zero, and the largest must be at least as large as the
run time. Sample output is shown in Table VI.6b. When the leading edge of
the slick moves from grid to grid, the transport velocity varies and the
slick will be predicted to bend and kink. (In this example, the co.tinuous
spill ends before the leading edge moves out of the original 5rid.) Al-
though the correct value of Ur is used to compute the incremental change
in the position of the leading edge during the next integraticn time step
(Equation (I11.38)), the shape of the entire slick behind the ieading edge
is not adjusted to account for the new value of the time-varying current;
that is, when the current varies in time, the position of the entire slick
is not updated, only the leading edge is. Otherwise, the calculations are

BN
S

similar to a case when the current is constant.
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TABLE VI.6a INTERACTIVE INPUT FOR
DEMONSTRATION CASE NO. 5

ENTER THE TITLE FOR THIS RUN..

? DEMO MO. S

?ISSUT THE AMBIENT TEMPERATURE IN CELSIUS.

INPUT THE BAROMETRIC PRESSURE IN MILLIBARS

QR ZERQ, O, FOR THE STAMNDARD SkEA LEUVEL PRESSURE
OF 1013.25 NMB.

?X?PUT THE TINE INCREMENT IN SECOMDS. TRY 1.8.

INPUT THE DESIRED RUN TIME IN HINUTES

lﬁPUT MININUM ALLOWABLE THICKMNESS OF THICK SLICK IN METERS.
71??§1:THICKNESS OF THIMN SLICK IM METERS.

22222320005 00252530052053002004
4 HATER BODY DESCRIPTION D
EEXXXTIXILLLLILLLELZXITIXILLLRR

712 SPILL IN RIVER OR CHANHEL? Y/N
IS IT A LAKE? Y/M

7Y

?ia IT A CIRCULAR LAKE? Y/N

IS IT A RECTANGULAR LAKE? Y/M
T H

THE SPILL IS IN A LAKE WITH ARBITRARY SHAPE.
DESCRIBE THE SHAPE MWITH 18 PARIRS OF X,Y COORDIHQTES (METERS). (8,8 SHOUL

D BE MEAR THE SPILL SITE.

? -4589.,0.

? -3508,-3808.

? -1008.,-4060.

? 9.,-50889.

? 29689.,-4000,

7?7 4090.,-2008.

? 5808.,589.

7 4800.,2000.

? 1808..,3509.

? -30046.,3800,.

X Y

1 -.45090E+84 8.
2 -.35009E+84 -.380909E +04
3 ~-.19868E+04 -.409008E+94
4 a. -.58000E+04
S . 20900E+04 -, 190¢8E+84
6 .40000E+04 ~-.,28860€ +24
7 . 58860E+04 . 58880E+03
8 .480008E+04 CORBNE+O4
9 . 19090E+84 .3 '8E+04
19 -.36000E+04 3982 +04

INPUT WATER DEPTH

7 109
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TABLE VI.6a

IS THERE CURRENT? Y/N
Y

(CONTD)

IS CURRENT A FUNCTION OF TINE ? Y/N
? v

?lg CURRENT A FUNCTION OF TIME ONLY 7 Y-N

1
0
1
3

COAST, THE X,Y CURRENT MUST BE GIVEN FOR THE
Y-SLICES THAT EXTENO OUT FROM THE 19 X,Y POINTS DESCRIBING THE CORS

GIVE THE 4 X-COORDINATES (METERS) THAT SPECIFY

THE HORIZONTAL GRID.

THE FIRST AND LAST MUST

COINCIDE WITH THE LENGTH OF THE LRAKE.

‘4599-
-20808.
2069,
5668.

MOW GIVE THE 4 Y-COORDINRTES (METERS).
THE FIRST AND LAST MUST COINCIDE WITH THE WIDTH OF THE LAKE.

-50800.
-2509.
1009.
35e8.

INPUT UX AND UY CURRENTS(M/SEC) FOR EACH OF THE 9
BOXES OR SLICES. BOXES ARE NUMBERED LEFT-TO-RIGHT

1,2,3 IN BOTTON RONW,

F A LAKE, THE X,Y CURRENT MUST BE GIVEN AT CENTER
: 9 RECTAHGULAR BOXES (343 GRID> THAT COVER LAKE..
A

4,5,6 IN MIDOLE ROMW, AND ?7,8,9

IN TOP ROMW. SLICES FOR A COAST ARE NUNBERED | TO 9,
LEFT-TO-RIGHT. IF THE CURRENTS ALSO DEPEND ON TIME,
YOU WILL BE ASKED FOR 18 SUCH SETS OF CURRENTS,

CURREMTS FOR MUMBER

‘9-2’9.

--08.1,0.1

CURRENTS FOR NUMBER
5,-0.15

s 8.

CURRENTS FOR MNUMBER

8.2,-0.2

4.8,

0.2,0.2

8.1,-0.3

a.1,8.

8.1,0.3

-8.2,-0.2

—9-4)90

-0.2,08.2

[~}

1 TINME.

2 TIME.

3 TINE.
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TABLE vi.6a (CONTD)

NOM GIVE THE TEN TINE INSTANTS IN MINUTES.

78,
7 38.
X 7 68.
. ? -
| 7 188.
? l‘. -
7 140.
: 7 168.
. 7 200.
. 7 240.
X TiME= o. MINUTES
| UXCM/SEC) AND UYCM/SEC) IN THE NINE BOXES OR SLICES.
) ° 1 3 4 s 6 78
1Y WX .10 .28 .18 .83 .05 .83 -.18 -.28 -
: ‘uy -.1@  @.88 .18 -.15  8.@8 1S  -.18  @.08
. -‘e
I <
‘ TIME= .308608E+82 MINUTES .
. UXCK/SEC) AND UY(M.-SEC) IN THE NINE BOXES OR SLICES.
. . 1 3 4 s 6 7 8
| ?g .15 .39 .15 .88 .98 .08 -.15 -.39 -
i ‘?; . ‘5 a.ee -15 --23 8-89 023 -015 9.89
y
o TINE= .60090E+92 MINUTES
] { UXC(M/SEC) AND UY(M/SEC)> IN THE NINE BOXES OR SLICES.
! g 1 3 4 s 6 7 8
g: .20 .49 .28 .18 .19 .10 -.20 -.48 -
: g: -020 '-.‘ 023 —03' '.09 ¢3° ‘-29 3.90
l TINE= .90000E+32 MINUTES
UX(M/SEC) AND UY(M/SEC) IN THE NINE BOXES OR SLICES.
5 1 2 3 4 s A 7 8
; gg .15 .30 1S .98 .02 .98 -.15 -.39 -
- 'g; -.15  o.00 15 -.23  e.ef .23 -.15 8.00
f TIME= ,18080E+83 MINUTES
. UX(M/SEC) AND UY(M/SEC) IN THE NINE BOXES OR Si_ICES.
i . 1 3 4 5 6 7 3
‘ ug .19 .28 .19 .05 .85 .8% -.10 -.28 -
.l
uY -.10 0.99 .19 -. 15 9.00 .15 -.18 8.e9.
. .10
! TIME= ,12098E+83 MINUTES _
: UX(M/SEC) AND UY(M/SEC) IM THE NINE BOXES OR SLICES.
: 5 1 2 3 4 5 6 ? 8
; gg ) .29 .19 .es .05 .25 -.10 -.20 -
! “uy -. 10 9.89 .18 -1 8.89 .15 -.18 8.8
; .10 179 - :
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TABLE VI.6a (CONTD;
TIME= . 14Q08E+G3 MINUTES

ux -19 029 .13 .05 -85 -95 “-la -.20

'ég -.18  @.00 .18 -.15  @.00 15 -.18  6.80
TINE= ,16000E+@3 MINUTES
. , UXCH/SEC anp gvcnxszc; IN THE NINE BOXES OR SL1CES.
o .18 .20 .19 .85 .95 .85  -.18  -.20
'%2 -.19  9.00 .18 -.15  g.00 45 =18 a.e0
TIME= ,20008E+03 MINUTES
x UXCH/SEC) auovgvcn/sec% IN THE NINE BOXES OR SLICES.
Tux .10 .20 .10 .83 .83 .85  -.18  -.20
:éf -.10  0.00 8 -3 aee .1 -.10 0.00
TINE= ,24000E+03 MINUTES
\ UXCH/SEC) anD UYCH/SEC) IN THE NINE BOXES OR sLices.
9ux .10 .29 .10 .03 .95 .93 -.18 -.28
'.ég -.18  9.00 18 -1 @8.00 1% =18 @.g0

1S THERZ WIND [M THE AREA ? Y/N
Ty

IS WMIND SPEED CONSTAMT? Y/N
Ty

INPUT WIND SPEED (METER/SEC) AND DIRECTION
ANGLE (DEGREES)
7 2.8,15

INPUT MEAN WRUE HEIGHT. (METER)
DEFAULT VALUE (EQ.(111.32) OF REPORY) 1S USED
BYSIHPUTTIHG -1,

GIUE SPILL COORDINATES X AND Y, IN METERS

HHQT BOX (LAKE) OR SUICE (COAST> DOES THE SPILL ORICIN LIE IN?
73
1

1 2RSSR 2SR R L O
t SPILL TYPE 1
TEERETARIESILIRIELIIRLLS
WE HAVE STANDARD PROPERTIES FOR THE FOLLOWIMG CHEMICALS
1. ALLYL CHLORIDE 2. BENZENE
J. BUTADIENE (1,2) 4. BUTYL ACETATE ¢ISO)
3. BUTYL MERCAPTAN (M) 6. CHLOPOBUTA-1-3-DIENE
7. CYCLOMEXANE 8., CYCLOHEXENE
9. DIPROPYL ETHER (IS0> 19, ETHYL CHLORIDE -
1. ETHYL MERCAPTAN - 12. NEPTANE (K>
180

UX(M/SEC> AND UY(M/SEC) IN THE NINE BOXES OR SLICES.
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TABLE VI.6a (CONTD)

ANE (M) 14, METHYL CYCLOHEXANE
:gﬁﬂNE (N 16. CCTANE (M)
PENTANE 18. TOLUENE
TRIMETHYLBENZENE 20. XYLENE (W)

TER THE NO. YOU WANT OR
azcavlue VALUE - IF YOU NANT TO INPUT THE PROPERTIES

99 - IF THE CHEMICAL IS NOT ON THE LIST
BARONETRIC PRESSURE : 1013.238 MILLIBAR
TERPERATURE 29.000 DEGREES C

CHEMICAL NAME IS: OCTANE (N)

CHEMICAL DENSITY = 783.908 KG/CU.M.
MOLECULAR WEIGHT = 114.232 KG/KG-MOLE

DIFfUSlON COEFF (AIR) = ,38800E-8S SQ.M./SEC
DIFFUSION COZFF (MATER) = ,63800£-09 .SQ.M./SEC
CHEMICAL UAPOR PRESSURE = 1391.74 NEWTON-/SQ.M.
SOLUBILITY IM HATER = .92 KQICU.H.

THE INTERFACE TENSION HRT AIR IS ,21618€E-81 NEWTON/N,
THE INTERFACE TEMSION WRT WATER IS .S5@868E-81 NEWTON/N.

THE SPREADING COEFFICIENT 1S .34180E-83 MNEWTOM/M.

713 SPILL . 1. INSTANTAMEOUS OR 2. CONTINUOUS?

?lng; THE RATE OF DISCHARGE (CU.NM./SEC)

7'2;"7 THE TOTAL DURATION OF SPILL IM MINUTES

7!7207 THE PRINTOUT TINE STEP IN MINUTES.
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y =300

x = 4500 - -2000 : 2000 5600

0.1 0.2
"—'} -— 0.]1
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l-—-X
0.05 ! SPILL~ 0.15
| —%0.05 t_,.

-2500 S

1000 |

NOTE: Currents are qiven in Meter/Second

Figure V1.1 Irreqularly-Shaped Lake and Current
Grid at t = 0
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TABLE VI.6b SAMPLE COMPUTED OUTPUT FOR

) DEMONSTRATION CASE NO. 5
1
{ .0"'..000..'00.0‘04..‘.‘0‘0.00.‘0.“‘....0.00“.00“.'.00.‘
' . SPUEADING =00EL QUIPUT .

0000800008800 3¢030000009088000000000000¢000000804880¢000000000e

TEICK SLICK May SPREAL CVER AN ELCNGATEL TRIAMGUL AR AREN (F cheh 7 1E000

. SOUARE FMETERS AFTER A TIme OF LAOSALEYOLPINUTES,
‘ . THE THICK SLICK LEACING EQGE (S LL17U97€+03  »eTEQS wILE ANC IS .922%5€+02 wETERS

' DOWNS TGE AN,

THE THIN SLICK anEA IS EQUAL 1O .19734k 05 SCLARE »Elgas,

TIng « 15.00 mINUTES «43% SECCNDS
THICK SLICK AREA « o17095€¢0% SQ.M. THICK SLICY THICKMESS = .2In30E-02 “ETERS

THECK SLICK DOWNSTREAM 40Tk » - 26411E+03 PETERS

‘ THIN  SLICK AREA «  ,39l4lEeds SC. M, ’
THIN  SLICK DOWNSTREAMM W[CTr =  ,6047CE+Q) mETERS

YOTAL »ASS OF THICK SLICK

. . e d8I99ECH G,

TOTAL EVAPORATED wass *«  9015¢E+0) x¢,

RATE QF EVAPQRAT|CA *  J89400E-04 XG/(SEC~5Q,”,)
TOTAL OISSOLYED ~ass = Jl4169E+CO0 XGe.

RATE QF OISSQLUTICH * 42%27)E-Cr XG/USEC-5C.P.)
TOTAL ~ASS OF THIN SLICX o L,27516E0C4 XG,

TOTAL MaSS ) =  ,J16%2€+CS5 XG.

’ THE LEACING ECCE CF ThE SLICK {9 LOCATEC AT X « ,11062€+03 PETEAS AND
- Y o Jle)leEey2  PETERS
THE T4AILINC FRCF CF THF SLICK 1S LCCATED a7 Iwe SPILL CRIGIN

TINE = 80,00 PINUTES «48% SECONOS
THICK SLICK AREDN o ,11369€406 SQ.M,  THICK SLICK TMICKNESS = ,133926-02 METERS

THICK SLICK DCwNSTREAM =[OTW o ,43)928€403 PETERS
THIN  SLICX AREA o ,95822%«09% S0.%.

THIN  SLICK OCHMSTYREAMA® w]lOTk o ,22498E+03 PETERS
TCTAL #aSS OF THICK SLICX = «10703E+CH XG,
TOTAL EVAPORATED maSS = J1%431€E+CY XG,

RATE CF EVAPORATION = LA797B€-CH KG/(SEC=-SCam,)
TOTAL QISSOLYED maSS « L,43%71E201 xG,

RATE QF DISSOLUTIOM * ,248)36-C7 KG/(SEC~5C.P,)
TOTAL MmASS OF THIN SLICK * L40932E904 KG,

TOTaL mass *  J126%6F+Ce XG.

THE LEAQING EQCE GF THE SLICK IS LOCATED AT x « ,951295€+0) PMETERS ANC
Y *  .5%231€¢02 METERS

TrE TRAILING EOGE OF ThE SLICK [S LOCATED 4T THE SPILL CRIGIN

TIRE -« 75,00 MINMUTES .489% SECONDS .
THICK SLICK AQEA = ,)OB89E*0d SQ. M. THICX SLICK TRICKNESS o ,128276-02 mMETERS

TATSL mASS OF THICK SLICK «98190E+CS xG.
TOTAL EVAPORATED MmASS * L2426 7E+(% xG,
RATE OF EVAPORATION * JBB470E-CA XGC/UISEC-5Q04%,)
TOTAL OISSOLYED MasSs . «68%51 78401 xXC,
RATE OF DISSQLUTION ® L2A979E~C? XG/USEC~SQ.P,)

«12240E9CH %G,

TCTaL #ass

THE CENTER QF THE SLICK S LICATED A7 X =  ,0869160C) PETERS ANQ Y « L9979 3F+02 mF 1ERS
183
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TIsFE

Tire

22%.0C mINUTES
THICK SLICK aREA =

TOTAL Pass CF ThHIOK SLICK =

TOTAL EVAPORATED PFass
RATE CF EVAPOWATICH
TOTAL OISSOLVYED Mmass
RATE OF DISSOLUTICA

TCT4L #aSS

«60080E+0% S0.M.

TABLE VI.6b

«4B9 SECONDS

«29891E+(CS
« 9254 7€+05
«B89954E-04
l2blaaEel?
«25419€-C7

= L12246E+Cs

THE CENMTER OF THE SLICKX IS LOCATED AT x

24C.,0C PINLTES
THICK SLICK ARfA =

TOTAL =ASS CF ThiCK SLICKX =

TCTaL tvAPQRATED MASS
RATE CF EVAPCRATIGM
TOTAL CISSOLYEC  Prass
kaTe CF DISSOLUTICN

10TAL =aASS

TrE CENTER CF THF SLILX

«NO1QLE+OS SQ.M,

<485 SECGNES

£25224E+C5
2 W97213FeC¢
= +89954E~-C4
v L27462E+C2
= 4295419€-C7

" W 12246EC¢

1S LUCATED AT »
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(CONTD)

KG.
XG.
X6/
XG.
XKG/

KGeo

XG.o
G
xG/
<G,
KG/

G,

CTHICK SLICK THICKNESS

(SEC-5C.r.)

(SEC~-S5Q.r.)

«15811E+04 METERS aND Y

THICK SLICK TRICKNESS

tSEC-SCer.)

{SEC~5C.r.)

«1EBEQESCH METERS

—— e B~

«7Q771€-03 PETERS

«22285E+03 RETERS

LAS011E~N3 METERS

«2391%E+C3 PETERS
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VII. CONCLUSIONS AMD RECOMMENDATIONS

The models of spreading, evaporation, dissolution, and movement for
spills of buoyant, insoluble chemicals have been completely reformulated
and now cover nearly every practical combination of chemical thermophysical
properties, discharge rate, total volume spilled, and type oflwaterway.
Eight experimentally-verified models are now available that can be used to
assess the hazards of a floating chemical slick from an accidental tank
rupture: (1) continuous or (2) instantaneous spills in a steady river;

.(3) continuous or (4) instantaneous spills in a tidal river; (5) continucus

or (6) instantaneous spills in a circular, rectangular, or irregularly-
shaped (user-specified) lake; and (7) continuous or (8) instantaneous spills
near a straight or irregu]a%]y—shaped {user-specified) coast. The wind can
be specified as constant or time-varying for all the modéls, and the cur-
rents for the lake and coastal models can be specified as a function of

position as well as of time.

The spreading and movement inodels were adapted from the best state-
of-the-art models available. HNone of the spreading models in the Titerature
accounted for a loss of mass, as would be caused by evaporation of dissolu-
tion, and so, the available models had to be modified to inciude this effect
in a realistic way. The final form of the models concentrate on predicting
the dynamics of the "gravity-viscous” or "thick slick" phase of the spread-
ing since that phase represents the greatest and most prolonged hazard.

The initial, short-duration "gravity-inertial" phase of spreading is in-
cluded primarily to provide the initial conditions for the gravity-viscous
phase. Likewise, the surface tension-viscous or "thin slick" phase of the
spreading is included primarily as a small loss-of-mass term in the thick
slick equations; evaporation and dissolution from the thin slick are neg-

lected as being very small.

The models for the rate of méss-transfer due to evaporation and disso-
Tution were developed from boundary layer theory and realistically dccount
for the effects of winds and currents. It is recoqgnized that o boundary
Tayoer model may not predict all the dissolution processes of floating in-

soluble chemicals when significant waves are present, hut hetter models are

not yet available.




Large scale instantaneous and continuous spills of a variety of chem-
icals were used to establish the empirical constants in the spreading models.
The spiils, organized in accordance with the Test Plan approved by the USCG,
were conducted in two facilities—a large outdoor basin, in which spreading
c¢ould be investigated in water without a current, and an indoor channel, in
which spreading in a current could be investigated. Some of the outdoor
spi]lé employed volatile chemicals in order to assess the effects of evapo-
ration on spreading. An envirgnmental wind tunnel and a wind-wave tunnel
were used to investigate evaporation and dissolution in detail. A variety
of different volatile chemicals were employed, and the tests were conducted
for many wind speeds and wave characteristics. The predictions of the
spreadihg, evaporation, and dissolution models were then compared to results
of tests covering a wide range of conditicns of discharge rate, volume
spilled, winds, currents, and chemical properties. In all cases, a generally

close comparison was found with the test results.

Although the revised models for the spreading, evaporation, dissclu-
tion, and movement of floating, insoluble chemicals are now suitable for the
Hazard Assessment Computer System, the models could still be extended in
several ways. Chemicals of moderate (but Tow) solubility could be included
by further development of the dissolution model to incorporate such mas:
transfer processes as droplet entrainment by waves; this extension would re-
quire additional wind-wave tunnel experiments to acquire the necessary
physical insight and data. The continuous-discharge spreading model could
be improved by further analysis and testing to make it applicable to condi-
tions of very low transport velocity (e.g., wind without current). All the
spreading medels could be modified to incorporate the anomalous behavior
(e.g., lens formation and slick breakup) observed for some chemicals for
some spill conditions. Finally, the long-term movement and potential
breakup of the slick in open water could also be included in the model hy

further research.
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Appendix A

PHYSICAL PROPERTIES Q. CHEMICALS

A.l Introduction

Some of the chemical pruperties for spills on water of slightly scluble
chemicals with a specific zravity of less than one were included in the revised
HACS computer model. Several of these properties, molecular diffusivity for
example, were not in the previcus HACS model. This appendix describes the
models .of these physical properties. Tablas A.l through A.4 contain numerical
values of various physical properties and their relevant comstants for twenty
chemicals of interest. The list was expandad to include the saven chemicals
in Tables A.5 through A.7; however, this latter lisct has not been added to
the computar code, Tha physical properties of air and water have also been
modeled, but they are not listed in the tables.

Five of tha chemicals in Table A.l, butadiene (1,2), chlorobuta-l,
3-diene (2)., cyclohexene, methyl cyclohexane, and trimetnylbenzene (l,Z.Jg,
are not In HACS. Two of these chemicals have boiling points less than 20%C.
Butadiene (1,2) and ethyl chloride have boiling voints of 10.3 and 12.29,

" rmspectively. Butadiene (1,2) should not be cor usad with butadiene (1,3),

HACS code BDI, which bas the same atomic waight out a boilipng point of -4.49C,
A2 Dens{ty

The density of the chemicals in FACS is 3 linear function of tempera-
ture from Porzs [A.1l]

- 4 <+ a4 T
PR T A Al (1)

where o {s the density im gm/cm®, t {1z the tamperature in °C, and a,

and a; are constants. - Since all chemicals are oot {n HACS, another model

for densircy was seliczted. Reid, et al. (A.2] recommend tha follewing formula
from Yamada and Guon [A.3].

: A.(2
C-OOZQ (2)

2/7

8= (11,0107 = ettt A.(29)

z = 0.29056 - 0.08775 w ' AL (20)

where pg5 13 the refarence density at remperature Ty in X, Te i3 the
critical temperature in °X, and « 13 the Piczer acentric factor. The neces-
sary c<oustants for the calculatinn of density are tabulated in Tables A.l1 and
A.5. From [A.2), the Pit-er acentric factor is defined as

w = "“].Og (P«;/Pc) - l :\-(3)
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where p. 1s the critical pressure and py is the vapor pressure at

T o 0.7 To. Values of w have been compiled by Reid, et al., but those

that are not availlable can be estimated frem Eq. A.(3). Critical temperature
and pressure are tabulatad by Dean [A.4] and Reid, et al. [A.2].

Equations A.(2) are valid over a wider temperature range than the linear
approximation of Eq. A.(l). A detailad analysis of the density data has not
been done, but spot checks indicate that Eq. A.(l) is accurate within the
range of temperatures likely to be encountered in the envirommenc. For

example, tha difference in density for benzene for Eqs. A.(1l) and A.(2) is lass

than 0.2% between 0 and 40°C. Equations A.(2) appear to be in agreement with -
the density plots for hydrocarbous from Gallant {A.5, A.6].

The refersnce values in Tables A.l and A.S are all at 20°C although two
of the chemicals will vaporize at that Camperaturs. The propertias in this
table were extrapolated to 20°C by the appropriate formulas for conmvenienca.

Al Vapor Pressurs and Density

Vapor pftnurt is required in the calculation of w in Eq. A.(3) and
the vapor density. From (A.4] and {A.l], vapor prassure is ralated to
tamperature by

log py = A=B/(t+C) L AL(8)

vhere A, B, and C and coustants. The consrants from HACS and Desn [A.4] are
compared in Table A.2. For the presant, the constants from [A.4] are beiny
used in the computer program. Soms differences axiszc, but these may be
attributable to the tsaperature ranges of validicy for the coustants. Changes
in units valy affect the counstant A wvhich is '

A= 10‘ K+A' A. (5)

where K 1is the counversicn coustant. For example, if A' {s for p, in
Torr, then K azust be 1333.2279 for p, {n dynes/cm?. Values of A, B,

and C are also tabulated by Reid, at al. (A.2] for ta py, but no comparisons
have been made since their results must be convertad to dbase 10 logarithm,
log. The couversion formulas are

A= Ay log @ A.(ba)

B =B, log e
A. (5b)

where A, and By are the constants for the natural logsrithm, in, version
of Ea. A (4).

The mass transfer equaticn for evaporation from Eq.(II1.19) s
JO-DA‘ Dg U, (C.'C.) AN
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where J, 1is the mass transfer per unit area, Daax is the Daiton number, g

is the air density, uwg 1is the friczion velocity of the air, and ¢4 and

Ce are the vapor concentrations at the surface and freestream, respectively.
Normally, Cw is zero. The quantity pg Cg 1s the vapor density which is given
by the perfect gas law

Ay = M p/R, Tg A.(8)

where M 1is the molecular weight of the chemical from Table A.1, p, is the

vapor pressure from Eq. A.(4), .Tq is the absolute surface temperature, and
R, is the universal gas constant whose value is 8.21432 x 107 dyne-cm/mole-°K
‘from the U,S. Standard Atmosphere, 1976. [A.7]. .

A.4  Diffusivity in Air and Water

 Diffusivity is required in the calculation of Dalton number for the
mass transfer. The diffusivities in warer and air are respectively

Dy = (Dow Mow/To) (T/14,) A.(9>‘
3
D‘ v (Do. PQ/TQ /2) (TB/Z/P) ‘ A (10)
where the subscript o 4is for tha reaference value. The reference temperature,
T,, 4nd pressure, p_, ure 293.159K (200C) and 1.01325 x 10% dynes/cm?, respec-
tively. The refarencs values of the diffusivities are listed in Table A.l.
The axperimental diffusivities of bemzene, cyclohexana, pentane, and toiuene
in watar, Dow, ars taken from Witherspoon and Bouoli [A.8] and those of
benzene, octane, and toluene in air, Dy, are from Gray [A.9]. The remaining
diffusivities were astimated by methods described by Park and Dodge [A.30].
Data on the diffusivities in sea water are not available.

A.5 Surface and Interfacial Tensions

The surface tension and the interfacial tension with water for the
various chemicals are required in the spreading model. The surfaca tension of
a liquid as a function of temperature is according to [A.4]

Toa ™ 25-81 t A1)

where &, and a] are constamts and t i3 the temperature in °¢. Values of
the constants frow [A.4)] are tabulated {p Table A.3. Similar information
of the interfacial tansioms in water as 1 function of temperature 13 not
available. The surface and interfacial tensions at a specific temperature
are also listed in Davies and Rideal [A.10], and Weast and Astle {A.11l].

An important parameter in spreading s the net spreading coelficient
which 1s

wa ow oa ' ' A (12)
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where Jyy 1is the surface tension of water or the interfacial temsiom of
vater and air, J,, 1is the surface tension of the chemical, and ooy 1s
the interfacial tansion of the chemical with water. Estimates of the net
spreading coefficient are listed in Tablas A.3 and A.7.

The mass transfer equatica for dissolution is similar to that of
evaporation except that the friction velocity and density are in water.
From Eq. A.(7), the mass transfer for dissolution is

Jo = Da, By Uy (Cg-Ca) e

The available data on solubility or water concentration at the surface, Cqs
are contained in Tablas A.4 and A.7. The units on solubility are grams of
chemical per 100 grams of watar. The only data on solubilircy as a funstion of
temperatura ara from Guseva and Parnov [A.12] for beazene, toluene, and
xylene(m). The best curve fit for benzene and toluene seems to be

log Cy = +ay t
85" %7 A.(16)

whersas the solubility of xylene(m) is nearly constant between 25 and 1000C,
The deviation of experimental data is less than 2Z in the temperature range
of 0 < t < 50° for benzene and -10 < t < 50°C for toluene. The remaining
data in Tables A.4 and A.7 are compiled from [A.5] and (A.1l3].

A.6 Properties of Alr

The nacassary physical properties of sir axe taken from the U.S.
Standard Atmosphere, 1976. In particular, 1ir density and viscosity are
required in the Raynolds number. The density is computed from the perfect
gas law, EqQ. A.(8), whers the pressure and temperature are the ambient values.
The molecular weight of air {s 28.9644 while standard pressure and temper-
ature are, respectively, 1.01325 x 105 dynes/cm® (1013.25 mb) and temperature
288.15 R (15°C). Viscosity is computed from Sutherland's formula

u=8 T3/2/ (T+93) AA-(lS)

vhers 8 is a conscant equal to 1.458 x 1075, s 1s Sutherland's constant
equal to 110.4 'K, and u 4is the absolute viscosity in Poise.

A.7 Properties of Watar

The density, viscosity, and surface zension of water are required in
the spreading modal. These quantities are very accurately known for pure
wvater. The density of water from Gildsech, et al. [A.l4] is

0= 1 ~[(c~-3.9863)2 (t+288.9616)]/(508929.2 (r+68.129€7}1

+ 0.011445 exp (-374.3/t) A.(16)
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where p 1s in g/ml. Equation A.(16) fits experimental data with a mean
absolute deviation of 0.7 x 10-5 g/ml for 5 < t < 80%,

The viscosity of water has been correlated with temperature within a
#+ 0.05Z average deviation by Korosi and Fabus [A.15] with their measurements
as
2
1o /u = [A(z-20) + B(t=-20)°1/(C+¢t)
g U/ = [A( A.(17)
for 20 < t < 150°C where A = 1.37023, B = 0.000836, and C = 109. The
viscosity at 20°C, upg, has been measured as 0.010019 + 0.000003 Poise by
Swindells, et al. [A.1l6], and the National Bureau of Standards (NBS) has

adopted 0.01002 as the standard value. Hardy and Cottington [A.17] proposed
the following interpolation formula for their mearurements for 0 < t' < 409C

log p = 1301./[998.333+8.1855 (= ~20) -+ 0.00583 (:-—20)2]

- 3.30233 A.(18)

which has been altered to give the newer value of viscosity at 20°C.

Similar formulas for the density and viscosity of sea water have nct
bern discovered although tabulated values are available. Cox [A.18] has
tabulated the specific gravity anomaly of sea water as a function of temper-
ature and salinity. The viscosity of sea water as a function of temperature
for a salinity of 35 o/oo has been compiled by Ring [A.19]. Cox [A.17] has
given the surface teunsion of sea water as

G, = 75.64 - 0.144 )
2 0.144 t + 0.0399 C2 4.(19)

where Ci is'chlorinity in o/oo and chlorinity and salinity are related by

S, = 1.8 + 0.
1.805 C2 + 0.030 A.(20)
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TABLE A.4 Solubility of Relevant Chemicals

Chemical Name gﬁgz a:onstants;z Soé:b%%ity Te:pifégure

Allyl Chloricde ALC 0.330 25.0

Benzene BNZ -0.82130 | 0.00337 0.175 20.0

Butadiene (1,2)

Butyl Acetate (iso) IBA . 0.600 20.0

Butyl Mercaptan (n) BTM 0.06

Chlorobuta-1,2~diene(2) CRP

Cyclohexane CHX 0.015 28.34

Cyclohexene )

Dipropyl Ether (iso) IPE 0.2 20.0

Ethyl Chloride ECL 0.45 0.0
0.600 - 20.0

Ethyl Mercaptan MC 1.500 20.0

Heptane (n) HPT 0.00027 18.0

Hexane (n) . HXA 0.00125

Methyl Cyclohexane

Nonane (n) NAN 0.000015|

Octane (n) OAN 0.000066 16.0

Pentane PTA 0.0041 16.0

Toluene TOL -1.57767 } 0.01140 0.045 20.0

Trimethylbenzene (1,2,3)

Xylene (m) XM 0.0196 25.0

2 log Csg = a,+ajgt

where Cg 1s solubility in g/100g of H,0, and t 1is temperature in °C
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APPENDIX B

Subroutines, Symbols, and Flow Charts
for Program DMODEL




TABLE B.

DMODEL,

Calls: AIR, SPLOC, SPREAD, SPTYPE, WATER, W8

Called by:

AIR

Calls: «--
Called by:

CHEKMS

Calls: ---
Called by:

CHEMCL

Calls: ---
Called by:

CURRT

Calls: ---
Called by:

DISS

Calls: ---
Called by:

EVYAP

Calls: ---
Called by:

FCN11, FCN12,

Calls; ~--
Called by:

1 LIST OF SUBROUTINES AND CALLS

DMODEL

INTE

SPTYPE

SPREAD

INTE

INTE

FCN21, FCN22, FCN41, FCN42

RUNKUT (through INTE)

8-1




4 AS Ll

S AN,

PA A o ol

e s AL et

10.

11.

12.

13.

14.

15.

16.

TABLE B.1 (CONTD)

GROUND

Calls: ---
Called by: SPREAD

INIT

Calls: [INT12A, INT12B, INIT4A, INIT4B
Called: SPREAD

INT12A

Calls: INTE, MOVE, PRINTO, TRANSP
Called by: INIT |

INT128B

Calls: --<
Called by: INIT

INIT4A

Calls: [INTE, MOVE, PRINTO, TRANSP
Called by: INIT

INITSS

Calis: ---
Called by: INIT

INTE

Calls: CHEXMS, DISS, EVAP, RUNKUT
Called by: [INTI2A, INIT4A, SPREAD, SWITCH

MOVE

Calls: ---
Called by: INT12A, INIT4A, SPREAD, SWITCH

B-2




17.

18.

19.

20.

21.

22.

23.

24.

PRINTO

Calls:
Called

RUNKUT

Cal]s:
Called

SPLOC

Calls:
Called

SPREAD
Calls:

Called

SPTYPE

Calils:
Called

SWITCH

Calls:
Called

TRANSP
Calls:

Called
UERTST

Calls:
Called

TABLE B.1 (CONTD)

by: [INT12A, INIT4A, SPREAD, SWITCH

FCN11, FCN12, FCN21, FCN22, FCN41, FCN42, UERTST
by: INTE .

by: DMODEL

CURRT, GROUND, INIT, INTE, MOVE, PRINTO, SWITCH,
TRANSP, UTPEAK

by: DMODEL
CHEMCL
by: DMODEL

INTE, MOVE, PRINTO, TRANSP
by: SPREAD

by: INT12A, INIT4A, SPREAD, SWITCH

UGETIO
by: RUNKUT

B-3




25.

26.

27.

28.

29.

s

UGETIO

Calls:
Called

UTPEAK

Calls:
Called

WATER

Calls:
Called

WBS

Calls:
Called

WIND

~Calls:
Called

TABLE B.1

by: UERTST

by: SPREAD

by: DMODEL

WIND
by: DMODEL

by: WBS

B-4
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TABLE B.2 INPUT VARIABLES

General
TITLE Name of run (up to 30 characters)
T0C Ambient temperature; °C
P8 ‘ Barometric pressure, millibars
© DELT ° ' Integration time step, seconds
TSTOP : Total run time, minutes
HMIN ' Minimum allowed ‘thickness of thick slick,
meters
HTN ' Thin slick thickness, meters (usually equal
to HMIN)
TPT . Time interval between printout of results,
minutes
Chemical Properties
DENO Density, kg/m?
- CMW Molecular weight
DCA - Diffusion coefficient in air, m?/sec
DCW Diffusion coefficient in water, m?/sec
PV Vapor pressure, newton/m?
cS Solubility 1imit in water, kg/m?
SIGOA Chemical-air interfacial tension, newton/meter
SIGOW Chemical-water interfacial tension, newton/meter
Discharge Parameters
ITYPE . Descriptor for instantaneous ar continuous spills
TEM Total spilled volume, m®, for an instantaneous

spill; discharge rate, m*/sec, for a continuous
spill.

TSPILL Total discharge time for a continuous spill,
minutes.

B-5




TABLE 8.2 (CONTD)

Water Body (not all are needed, depending.oh water body) -
X0,Y0 Coordinates of spill source, meters {(open
water only)
W Width of river, meters
D Depth of river, lake, or coastal water, meters
RO Roughness of river bottom, meters
uc . " Current in river, meter/sec
Uo0,Ul,WT,ALPH For a tidal river: average current, m/sec;

. amplitude of sinusoidal current, m/sec;
tidal period, minutes; phase of tide with
respect to time of spill, minutes

R Radius of .circular lake, meters

L1,L2 Width and breadth of rectangular lake, meters

X(1),Y(I) Ten x,y coordinates describing irregularly-
shaped lake or coast, meters

X(1),Y(1); Two x,y coordinates describing a straight

X(2),Y(2) coast line, meters

Uux(1,1),uv{(1,1) Components of a constant current in open
water, meter/sec

Ux(1,J),uy(1,3J) Components of a time- or spatial-varying current
in open water, meter/sec; I=spatial position;
J=time.

TI(I) Ten specified time instants for a time-varying

' current in open water, minutes

Xu(l), yu(r) Four x,y coordinates (lake) or 10 x,y coordinates
{coastal water) that describe space grid for a
spatially-varying current in open water, meters

VW Constant wind speed, meter/second

THETA] Direction of constant wind with respect to channel
axis or x-axis (open water), degrees

VWX (1) Magnitude of time-varying wind at time I,
meter/second

THETA(I) Direction of time-varying wind with respect to
channel axis or x-axis (open water), degrees

TT(I) Ten specified time instants for a time-varying

wind, minutes

B-6




TABLE B.3 COMPUTED OUTPUT VARIABLES

Initial Conditions (not all used for any case)

ATK Thick slick area, m?

TIIT Time required for thick sh‘ck.to spread across
channel, minutes

HTK ' Thick slick thickness, meters

Z Downstream location of leading edge of thiék
slick (continuous spill), meters

DMASS Mass lost from thick slick, kg

WTK Downstreamn width of triangular slick, meters

RADIUS Radius of thick slick, meters

Regular Printout. (not all used for any case)

TEMP,DIFFT Time of printout, minutes and seconds
| YY(1) ' Thick slick area, m?
YY(3) Thick slick thickness, meters
RAD1 Thick slick radius, meters
YY(2) Thin slick area, m?
RAD2 Thin slick radius, m?
TOTALM Mass of thick slick, kg
TOTALE Evaporated mass, kg
TOTALD Dissolved mass, kg
) EVAPM | ’ Rate of evaporation, kg/second
DISSOM Rate of dissolution, kg/second
TMASS ' Mass of thin slick, kg
TOTS - Mass of thin and thick slicks added to evapo-
Co rated and dissolved masses, kg
XW Downstream width of triangular slick, meters
8-7




TABLE B.3 (CONTD)

XC,YC Location of center of an instantaneous spill
(open water), meters

XC Movement of an instantaneous spill in a river,
meters

—_ Upstream and downstream edges of an instantan-

eous spill in a river, meters

TEMP1,TEMP2 Upstream and downstream 1oéations of a con-
tinuous spill in a river, meters

XLE,YLE Coordinates of leading edge of a triangular
spill, meters

—_ Time when slick impacts a coast

_— Time when thick slick thickness is less than
HMIN

B-8




FIGURES B.1 TO B.16 ARE THE FLOW
CHARTS OF PROGRAM "“DMODEL" and
ALL SUBROUTINES. THE SUBROUTINES
ARE GIVEN IN THE ORDER THEY ARE
FIRST ENCOUNTERED IN THE PROGRAM,
NOT IN ALPHABETICAL ORDER.
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FIGURE B.1 FLOW CHART FOR PROGRAM "DMQDEL"

Read in title descriptor of up to 30 characters

!

Read in following input:

Ambient temperature, TDC

Barometric pressure, PB

Integration time step, DELT

Maximum printout time, TSTOP

Minimum thickness of thick slick, HMIN
Thin slick thickness, HTN

OO W) —

'

Call AIR
Call WATER
Calculate surface tension of water SIGWA

f
1

!

Initialize all variables

#

Call WBS
Call SPLOC
Call SPTYPE

R

Call SPREAD

ENC

Subroutine "AIR"

This subroutine calculates the density and viscosity of air
as a function of pressure and temperature.

Subroutine "WATER"

This subroutine calculates the density and viscosity of water
as a anction of temperature.

|
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FIGURE B.2 FLOW CHART FOR SUBROUTINE "WBS"

Subroutine "WBS"

#

Subroutine is used to input dascription of
the water body in whici spill occurs

]

10 ‘ Is spill in a river of channel ?

§ No
Yes 1 Go to 100

Input width WW and Depth D

Input bottom roughness RO

!

Input current UC. If UC = 0, set IC =0
and SHAPE = 1.0; if UC > 0, set IC =1
and SHAPE = 1.1; if UC is tidal, set

IC = 2 and SHAPE = 1.2, and input
UO,U1,WT, and a in description

UC = UO + UT * SIN (21 (t+a)/WT)

1

Go to 600

100 Is spill in a lake ?

' No

Ye; [ Go to 140 J

If lake is circular, input radius R and

depth D; set SHAPE = 2.1. If lake is

rectangular, input length L1, width L2,

and depth D; set SHAPE = 2.2. If lake is
irreqularly shaped, input ten X(I),Y(I)

boundary coordinates, and depth D; set SHAPE = 2.3

!

Go to 500




140

500

600

FIGURE B.2 (CONTD)

Give depth D of coastal water. If coast line

is straight, give X(1),Y(1), and X(2),Y(2) that
Jocate the coast; set SHAPEZ = 3.1. If coast

line is irregular, give ten X(I),Y(I) coordinates;

set SHAPE = 3.2.

Input current components UCX and UCY. If
current is zero, .set IC = 0. If current is
constant, set IC = 1. If current is function
of space only, set IC = 2 and give UCX and UCY
at nine locations. If current is function of
time only, set IC = 3 and give UCX and UCY at
ten time instants. If current is function of
time and space, set IC = 4 and give UCX and UCY
at nine locations for ten time instants.

!

Is there wind ?

- T

Call "WIND" If wind and current both egual

zero, set transport velocity
UTBAR = 0

Return to "DMODEL"

Subroutine "WIND"

i

This subroutine inputs wind speed VW and direction
THETA. If VW = 0, set IW = 0. If VW is constant,
set IW = 1. If VW is a function o7 time, set VW = 2

and give VW and THETA at ten time instants. Also

used to input wave height H.

Return to "WBS" and then to "DMODEL"
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FIGURE B.3 FLOW CHARTS FOR SUBROUTINES "SPLOC" AND “SPTYPE"

100

Subroutine "SPLOC"

I

If I, the integer part of SHAPE, is 1 (i.e., if the

' spill is in a river or channel) the spill is assumed

to occur at x = 0, and x > 0 is the downstream direc-

. tion. If I > 2, the spill source, X0 and Y0, are

input. If the current is a function of space, the
grid locating the spill source, ISP, is also input

I

Return to "DMODEL"

Subroutine "SPTYPE"

{

Enter name of chemical and the chemical properties;
density DENO, molecular weight CMW, diffusion
coefficient in air DCA, diffusion coefficient in
water DCW, vapor pressure PV, solubility 1imit CS,
air/chemical interface tension SIGOA, and water/
chemical interface tension SIGOW. They can be

read in for some chemicals from subrouting CHEMICL.
Calculate spreading coefficient SIG, and density
difference coefficient, COEF = 1 — DEND/DENW.

i

Is spill continuous ?

IYes

Go to 200 ' No

Input total spilled volume TEM and calculate
spilled mass SPILLM = TEM * DENO.

{

If spill is in river or channel, set STP = 1.1.
If spill is in lake or coastal water, set STP = 1.2

Go to 293

B-14




200

299

FIGURE B.3 (CONTD) -

Input the rate of discharge TEM and total
spill duration TSPILL. Calculate mass dis-
charge rate SPILMR = TEM * DENO

l

If the current and wind are zero, and spill

is in a river or channel, set STP = 2.1. If the
current and wind are not zero and spill is in a
river or channel, set STP = 2.2. If the current
and wind are zero, and spill {s in open water,
set STP = 4.1, If the current and wind are not
zero, and spill is open water, set STP = 4.2

|

Return to “DMODEL"

~




200

300

FIGURE B.4 FLOW CHARTS FOR SUBROUTINE "SPREAD"

Subroutine "SPREAD"
This is the main computational block

!

Input desired printout interval TPT

!

Compute wind and currents at t = 0

!

Is the spill continuous (integer part of STP = 4) ?

Yes I lNo

Is the current a function of
time or space, or is the wind Go to 200

a function of time ?
{No

Compute UTBAR = | U, +0.035*V, |

Yes

Go to 200

1

Call UTPEAK
Call CURRT

{

If average transport velocity at the spill source

> 0.3 * peak transport velocity at the spill source,
set UT3AR equal to average. Otherwise, UTBAR = 0
and spill type §s changed to a continuous spill

without a current

Call INIT to compute initial conditions

{

Start of Integration Loop




350

351

FIGURE B.4 (CONTD)
Is spiil continuous ?

‘ No

Yes Go to 350

Is current time TIME greater than TSPILL ?

y o

Yes Go to 350

Call SWITCH to start appropriate
instantaneous model

!

Call TRANSP to calculate the transport velecity U

!

€Call INTE to use numerical integration to advance
the computations by one time step

!

Is TIME greatar than TSTOP ?

Yesi

Go to 353

No

Is spill in a river or channel ?

Yes
Go to 351 No

Call GROUND to determine if slick has impacted on beach

Yes

No :
Go to 998

If TCHECK < TIME, a subroutine CHECKMS (called elsewhere)
has determined that the rate of mass loss equals the rate
of discharge (for a continuous spill) or that the spill
has evaporated/dissolved completely (for an instantaneous
spil1). If so, a printout is made, and for a continuous
spill, the spill area and mass is held constant until

TIME > TSPILL.
B-17 ‘




998

FIGURE B.4 (CONTD)

| _ ;

Call MOVE

'

If the current TIME is equal to a desired printout
time, subroutine PRINTO is called

l

Is thick slick thickness less than HMIN or
TIME > TSTOP ?

Yes} 1'No

Return to "DMODEL" ] Go to 300

Printout boundary impact information

l

Return to "DMODEL" N




100

999

FIGURE B.5 FLOW CHARTS FOR SUBROUTINES
"UTPEAK" AND "CURRT"

. Subroutine "UTPEAK'
Calculates the maximum value of a
time-varying transport velocity

1

Is spill in river of channel ? -

T e

Yes ' Go to 100

Calculate maximum value of U, + 0.035 V, cosé = UPEAK. (1)

1

Go to 999

Calculate maximum value of [(UCX + 0.035 VWx)2 +
(UCY + 0.035 VWY)2] * = uPEAK (1)

i

Return to SPREAD

Subroutine "CURRT
Calculated average value of transport
velccity over the entire spill duration

!

Is spill in river or channel ?

{'No

Yes Go to 200

If current is tidal and the spilling time is greater than one
tidal cycle, the average current is taken as the steady part,
UC = UD. Otherwise, the time average value of UC is computed.
Then the time average value of V,, cos is computed. The
average transport velocity is UBAR(1) = UC + 0.035 V,, cos9.

'

B-19




200

FIGURE B.5 (CONTD)

|

Go to 999

First, calculate average value of wind components
VWX1 and VWY1 over the spill duration. If the
current is constant, then calculate average
transport velocity UBAR(1) and average wind
direction, THETA(1). Otherwise, the average current
at each spatial location is calculated, and average
UBAR(I) and THETA(I) is computed.

!

999 Return to SPREAD

B-20




FIGURE B.6 FLOW CHART FOR SUBROUTINE “INIT"

Subroutine "INIT"

If spill is instantaneous in a channel, call INT12A.

If spill is continuous in a channel without a current,
call INT12A. 1If spill is instantaneous in open water,
call INT12B. If spill is continuous in open water
without a current, call INT12B. If spill is continuous
in a channel with a current, call INIT4A. If spill is
continuous in open water with a current, call INIT43.

“eturn to SPREAD

Subroutine "INT12A"

This subroutine calculates initial conditions for spills

in a channel. If the spill is continuous, and the time
required for the spill to spread across the channel is
greater than TSPILL, the spill is changed to instantaneous.
In either case, if the time required for the spill to
spread across the channel is greater than the gravity-
inertial phase maximum time, the calculations are con-
tinued by numerical integration, just as in SPREAD,

until the spill spreads across the channel.

B-21




FIGURE B.6 (CONTD)

Subroutine "INT12B"

This subroutine calculates initial conditions for
spills in open water

Subroutine "INIT4A"

This subroutine calculates initial conditions for
continuous spills in a channel with a current. If
the time required for the spill to spread across the
channel is greater than the gravity-inertial phase
maximum time, the calculations are continued by '
numerical integration, just as in SPREAD, unt.! the
spill spreads across the channel

Subroutine "INIT4B"

This subroutine calculates initial conditions for
continuous spills in open water without a current,

B-22




FIGURE B.7 FLOW CHART FOR SUBROUTINE "SWITCH"

Subroutine "SWITCH"

This subroutine switches a continuous spill model
to an appropriate instantaneous spill model when
TIME > TSPILL. I the spill is in open water, and
the slick is wide compared to its length, the slick
spreads as if it were in a channel until the slick
shape is more reguiar. Afterwards, it spreads as
an instantaneous slick in open water.
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FIGURE B.8 FLOW CHART FOR SUBROUTINE "INTE" . -

Subroutine INTE

Subroutine used to advance solution by one time step

|

Call EVAP }
Call DISS ,

l

If spill is instantaneous in a channel, call RUNKUT
using subroutine FCN11 for equations. If spill is
instantaneous in open water, call RUNKUT using sub-
routine FCN12 for equations. If spill is continuous
in a channel without a current, call RUNKUT with sub-
routine FCN21 for equations. If spill is continuous
in open water without a current, call RUNKUT with sub-
routine FCN22 for equations. If spill is continuous
in a channel with a current, call RUNKUT with sub-
routine FCN41 for equaticns. If spill is continuous
in open water with a current, call RUNKUT with sub-
routine FCN42 for equatiocns.

l

Call CHECKMS, which returns IDEB = 0 or IDEB = 2.
If IDEE = 0, TCHECK is computed as TIME - DELT.
{In DMODEL, TCHECK was initjally set as TSTOP.)

Return to SPREAD, SWITCH, INT12A, or INIT4A
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FIGURE B.9 FLOW CHART FOR INTEGRATION EQUATIONS

Subroutine FCN11

This subroutine contains the dA/dt and dh/dt eguations
for an instantaneous spill in a channel.

Subroutine FCN12

This subroutine

contains the dA/dt and dh/dt equations

for an instantaneous spill in open water.

Subroutine FCN21

This subroutine
equations for a
a current.

contains the dA/dt, dA/dt, and dh/dt
continuous spill in a channel without

Subroutine FCN22

This subroutine
equations for a
a current.

contains the dA/dt, dA/dt, and dh/dt
continuous spill in open water without

Subroutine FCN41

This subroutine
equations for a
current.

contains the dA/dt, dA/dt, and dh/dt
continuous spill in a channel with 2

Subroutine FCN42

This subroutine
equations for a
a current.

contains the dA/dt, dA/dt, and dh/dt
continuous spill in open water with
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FIGURE B.10 SUBROUTINES FOR MASS TRANSFER COEFFICIENTS

Subroutine EVAP

This subroutine computes the evaporation mass transfer
coefficient EVAPM as a function of the relative wind
speed UREL over the slick. (UREL is computed in TRANSP).

Subroutine DISS

This subroutine computés the dissolution mass transfer
coefficient DISSOM as a function of wind, current,
wave height, and bottom roughness.
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FIGURE B.11 FLOW CHART FOR SUBROUTINE "TRANSP"

‘ Subroutine TRANSP
Calculates the velocity used to move the slick

'

Is spill in river of channel ?

Yes ‘

Go to 100 ’ No

If current is a function of space, the grid in which
the leading edge is located is determined. The
current and the wind at that location and that time
are computed, and the velocity components gTX, UT;,
UREL (relative wind speed), and VTOT = (UTX¢ + UTYZ)*
are computed

. Go to 999

100 If wind is a function of time, the VWX and VWY compo-
nents at time of interest are computed as well as the
current. Then UTX, UREL (relative wind speed), and
UTOT = UTX are computed

1

999 Return to SPREAD, SWITCH, INT12A, or INIT4AAJ
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200

999

FIGURE B.12 FLOW CHART FOR SUBROUTINE "MOVE"

Subroutine MOVE
Calculates movement of slick

Is spill instantaneous ?

7

Compute motion of center Go to 200
of slick during one time

step

Go to 999

Using appropriate transport velocity components, .
calculate the movement of the leading edge during
one time step

Return to SPREAD, SWITCH, INT12A, or INIT4A
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999

FIGURE B.13 FLOW CHART FOR “PRINTO"

Subroutine PRINTO
Organizes and prints out spreading, evaporation,
dissolution, and movement results

First,.the thfckness and area of the slicks are printed
out, followed by the evaporated and dissolved masses.

The upstream and downstream edge locations of the slick
are printed out, or the location of the slick center
for an instantaneous spill

Return to SPREAD, SWITCH, INT12A, or IXitdA
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FIGURE B.14 FLOW CHART FOR SUBROUTINE "CHECKMS"

Subroutine CHECKMS

Set IDEB = 2

i
* 1
|

Is spill contfnuous ?

k {No

Yes \ Go to 10

If the rate of evaporation, dissolution, and feeding
to thin slick is greater than discharge rate, set
IDEB = 0

Return to INTE

I1f the sum of the evaporated and dissolved mass is
greater than the spilled mass, set IDEB = 0;
1ikewise, if slick area is zero.

Return to INTE
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FIGURE B.15 FLOW CHART FOR "RUNKUT"

Subroutine RUNKUT

This subroutine performs a Runge-Kutta integration
on N simultaneous differential equations FCN from
an initial time TIME to final time XEND. It calls

subroutines UERTST. |

l

Return to INTE

Subroutine UERTST

Determines if an error has occurred in RUNKUT; also calls UGETIO

Subroutine UGETIO

Manipulates input and output of RUNKUT; called by UERTST

8-31
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FIGURE B.16 FLOW CHART FOR SUBROUTINE "CHEMICL"

Subroutine CHEMICL

This subroutine contains thermophysical property
. data for twenty chemicals that can be supplied
to describe the spill.

‘Return to SPTYPE
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APPENDIX C

PROGRAM "DMODEL" LISTING

Subroutines of DMODEL are given in
alphabetical order




0001

0002
0003
0004
0005
00046
0007
0008
0009
0010
0011
0012
0013

0014
0015
0016
0017
0018

0019

000
o021

Qo22
0023
0024
0025
00246

PROGRAM DMODEL

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC’CCCCCCCCCCCCCCCCCCCCCCCC

DIFFUSION AND DISPERSION MODEL

c
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCQCCCC

[eNeNsNeReNsNeNeNes N NeNsNoRe R N N Ng]

THIS PROGRAM READS IN THE RUN TITLE AND THE INPUT
VALUES FOR:

TDC = AMBIENT TEMPERATURE

PB = BAROMETRIC PRESSURE

DELT = INTEGRATION TIME STEP

TSTOP = MAXIMUM TIME FOR PRINTOUT(END OF RUN)
MMIN = DES.RED MINIMUM THICKNESS OF THICK SLICK;

RUN ENDS WHEN THICKNESS BECOMES LESS THAN HMIN
HTN = CONSTANT THICKNESS OF THIN SLICK, USUALLY EQUAL TO HMIN

THE PROGRAM ALSO CALCULATES THE SURFACE TENSION OF WATER=SICWA,
AND CALLS SUBROUTINES "AIR" AND "WATER" TO CALCULATE AIR AND
WATER PROPERTIES. IT INITIALIZES ALL VARIABLES. IT CALLS
SUBROUTINES "WBS", "SPLOC", AND “SPTYPE"™, AND FINALLY CALLS
"SPREAD" TO MAKE THE SPREADING CALCULATIONS.

COMMON/SIZE/R, D, WW, L1, L2, H, RO
COMMON/CHEMI /DENG, DCA, DCW, CS, CMW
COMMON/WATER/DENW, VISW, GR
COMMON/ENVOR/PY, VISA, DENA, TDC
COMMON/ INTER/COEF, SIGWA, S100A, SIGOW, SI6
COMMON/CONSTAT /UC, YW, UTBAR, UO, UL, WT, ALPH, THETAL
COMMON/MLOSS/EVAPM, D1SSOM
COMMON/MOVE /UPTAK (10, XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
COMMON/CURRENT /UBAR ( 10), DMOVE, UTOT, UTX. UTY, UREL
COMMON/MASS/TOTALE, TOTALD, TOTALM, DMASS
COMMON/CONTOUR /SHAPE, X(10), Y(10), XC, YC, 1C, IW, ISP, XO, YO
COMMON/TRANSIT/UX(10, 10), UY(10, 10), VWX(10),

VWY {10), THETA(10), TI(10), ID, IT, IV,

XU(10), YU(10), TT(10)
COMMON/ID/1ID1, 1D2, 1D3
COMMON/RUNGE /YY (5), C{24), W(S5, 30)
COMMON/SPREAD/TII, ATK, HTK, ATN, HTN, HMIN, INDEX, IFLAG
COMMON/STYPE/SPILLM, SPILMR, TSP ILL, WS, STP, SPM
COMMON/SENSE/EVA (40, 10), DIS(40, 10), THK(40, 10), TIN(40, 107,
PIP(40), TPT
COMMON/CK/C10, €20, C11, C21, C12, C22, K10, K20, K11, K21,

K12, K22

DIMENSION NAME (30, 20)
REAL %10, K20, K11, K21, K12, K22
"094{*‘.’9"’90’Q**QQC9’*’0*QQQ§’QQ’QQQO-’9.”*’*’_*4*{{’**’*”9"QQQ
C10-K22 ARE THE CONSTANTS IN THE SPREADING MODELS
Q’*I!""QQQ"’QOQQQQQ{OQQ!QQ.’Q*ii*’}”f{*’*”iQQ*QQ#Q{%Q’#{**’Q**QA
C10=2. 37
€20=3. 6%
C11=2. 37
C21=3. 65
Ci12=2 37

€-1
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0027
o028
0029
0030
0031
0032
0033
0034

0035

' 0037

0038

0039

0041
0042
0043
0044
0045

0047

0048

0049
0030
00S1

oosSa -

0033

00S3
0036

QoS8
003*

0060
0061
0062
0063

00464

0063

0066

el ] N A

- O

aon OO0 00 OO0

20

23

24

28
26

27
<8

[ARA]
R) +=

s

$1X, 14HOF 1013. 2% MB. )

C22=3. 65
KiO=1. 33
K20=1. 21
Kli=1 24

Ki12=2, 37

- FORMAT(30A1)

K21=1. 09

K2RQw=3, 65

IFLAQG = 1

OR = QRAVITATIONAL ACCELERATION (M/SQ. SEC)
@GR = P B0645

INDEX = O

WRITE(6, 3)

FORMAT(1X, 3OHENTER THE TITLE FOR THIS RUN..)

READ (5, 7.ERR=4) (NAHE(JJ. IFLAQ), Ju=1, 30) ) R

HRITE(l.a)(NAHE(JJ.IFLAO). Ju=1, 30)

FORMAT (1M1, 30AL, //)

WRITE(4, 11)

FORMAT (1X, 41HINPUT THE AMBIENT TEHPERATURE IN CELSIVUS.)
READ (%, #», ERR=10) TDC

WRITE (&, 21)
FORMAT (1X, 42HINPUT THE BAROMETRIC PRESSURE IN MILLIBARS,
/7, 1X. 47HOR ZERO., O, FOR THE STANDARD SEA LEVEL PRESSURE/

READ (5., #, ERR=20) PB
IF(PB. LE. 0. ) PB=1013. 2%

WRITE (6. 24) '

FORMAT (1X, 46HINPUT THE TIME INCREHENT IN SECONDS. TRY 1.0.)
READ(S, #, ERR=23) DELT

IF(DELT.LE. 0. ) DELT=1.0

WRITE (6, 26) '

FORMAT (1X, 37HINPUT THE DEBIRED RUN TIME IN MINUTES)
READ(S, #, ERR=2%) TSTOP

TSTOP=TSTOP#40.

WRITE(6, 28)

FORMAT (1X, :
SOHINPUT MINIMUM ALLOWABLE THICKNESS OF THICK SLICK IN METERS. )}
READ(S, #, ERRw27 )HMIN :
WRITE (4, 32)

FORM/ T(1X, AOHINPUT THMICKNESS OF THIN SLICK IN METERS.)
READ(S, #, ERR=31)HTN

CALL SUBROUTINE AIR TO CALCULATE AIR.PROPERTIES
CALL AIR (PB, TDC., DENA, V1SA)

CALL SUBROUTINE WATER TO CALCULATE WATER PROPERTIES
CALL WATER (TDC. DENW, VISW)

Ly Y T e a g e e s e e A aa
SIJWA = SURFACE TENSION BETWEEN WATER AND AIR ’

e TR T T T R e R e R T s R a e St o bt
SIoWA = ( 73. 64 - 0. 144 #» TDC ) # 1. E-3

SET UP ALL THE INITIAL AND DEFAULT VALUES

c-2



00467
C0&8
0049
0070
0071
Q072
0073
0074
0073
0076
0077
0078
0079
0080
0081
coez
0083
o084
0083
0086
0087
o088
o08<
0090
0091
0092
0093
0094
0095
0096
0097
0058
0099
0100
0101
Q102
0103

0104
0103
0106

0107

0108

Q109

29

Qa0 aaon

aaan

Uc = 0.0

UTBAR = 0.0
THETAL = 0.0
XLE = 0.0
YLE = 0.0
XTE = 0.0
0.0

IC =0
IWw =0
ID =
IT =
IV =
DO 30 I=1,10
DO Q9 J=1, 10
Ux(l,J) = 0.0
UY(I,J) = 0.0

[ Y

CONTINUE
TI(I) = 0.0
TT(I) = 0.0

UPEAK(I) = 0.0
UBAR(I) = 0.0

VWX(I) = 0.0

VWY(I) = 0.0

THETA(I) = 0.0

CONT INUE

TIME = 0.0

TCHECK = TSTOP

TSPILL = TSTOP

CALL SUBROUTINE WBS TO OBTAIN WATER BODY DESCRIPTION
CALL WBS

CALL SUBROUTINE SPLOC TO SPECIFY SPILL LOCATION
caLL SPLOC

CALL SUBROUTINE SPTYPE TO DETERMINE SPJILL TYPE AND CHEMICAL
PROPERTIES )

CALL SPTYPE (PB)
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0110

o112
o113

0111

300 OO0

CALL SUBROUTINE SPREAD YD SOLVE SPREADING MODEL
CALL SPREAD
CONT INUE

sSTOP
END




R

0001

Q002

0003

0004
0005

0006

0007

o008
0009

0010

0011

0012
0C13

(o sl el e ol of o el o) ol ol of o ] ol o] o of of of of X o o of o ¥ of oY o o] o o of of of o] of o of X oY o o o oY o o] o ] o of o} o] of o ] Y o o] of X o of Y o & o] o}
SUBROUTINE AIR (PB., TDC. DENA, VISA)
C
(of ool oo of e ot ol o] of of o of of of of oY of of o o o o3 of of o { o o] o o] of o oY o} o o of oY o oY o] oY o] o o o o] o] X oY af Y od oY e} o] o T o ot e Y o o] o ] o] o
c
c SUBROUTINE AIR IS USED TO DETERMINE AIR PROPERTIES. 1IT 1S
C CALLED BY PROGRAM DMODEL. ‘ :
(ofol el ol el o ot ef of of of o ol of o of o] oY o] o o o} of of oFS] ot o { Xt o f of s ol St f ol of o A f o of {2 o Y f o of el f o o f o o o] oY o] o of Y o o{ f o ¥
c
C U. 8. STANDARD ATMOSPMERE, 1976
c DATA IN C@S UNITS
DATA BETA, S, R, A, B, C/1. 438E-3,110. 4,2 87033E+6, 2. §4638E-9,
1 245 4,12 7/
DATA AQ, Al, A2, A3, A4, RPR/1.041707E+1, -4, 179207E+2,
1 9. 3523310E+3, =9.708879E+4, 3. 736121£+3, 8. 31432/

TDC = TEMPERATURE (C)

PB = BAROMETRIC PRESSURE (MILLIBAR)

DENA = AIR DENSITY (K / CU. M)

VI = YISCOSITY OF AIR (POISE) :

VISA = KINEMATIC VISCOSITY OF AIR (SQ.- M / SEC)
W = MOLECULAR WEIGHT

R = UNIVERSAL ©AS CONSTANT

[sNeNsEsNeNsNoNeNe!

P = PB # 1000.0
T = TDC + 273. 15 )
ccceeeceeaeeececececeecececceececeecceceececececeececeoccececcccceeccececcececcecece
C AIR DENSITY IN UNITS OF @M / CU. CM
slofelof i slef ol s el f ol o of ] o] f ed f o S f Y X of o o] s o of oY of X o of o X T F L e} { Y oY o f o o { o of o] oY f L o o] o oY e oY o of o] e o o ol o}
DENA = P / (R # T)
C
c CONVERT TO UNITS OF K@ 7/ CU. M
C
DENA = DENA * 1000.0
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
TR = SGRT(T)
TI = T # TR
cccceeceecceceeeccececcecegecececcecceeececcecceececececececcccccceccececcccecceeccceccee
VI = BETA # TI / (T + S)

c NOTE : 1 POISE = 1 @M / (SEC-CM). CONVERT TO KINEMATIC VISCDS)

VISA = (VI / 10.0) / DENA
cceegeeeccecceecceccccceceeececcecececececeeeecccecccceecccecceceecccececceece
C

RETURN

END
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0001

0010

0212
0013

’

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

c

SUBROUTINE CHEKMS

(o1 el o] el of of of o] of S oX of of of of of of o o of of of f of of of o] o o of of o o o T o of o of of of oFNL o of e o of of of f T of o] ef f e o of of of o T o o] o o1 o1

00000000

o000

anon

THIS SUBROUTINE IS CALLED BY “INTE"~ AND THE INITIAL CONDITION
ROUTINES "INT12A" AND "INIT4A". FOR A CONTINUOUS SPILL, IT
DETERMINES IF (EVAPORATION RATE + OTHER LOSSES) > DISCHARGE
RATE, OR FOR AN INSTANTANEOUS SPILL, IF SPILL AREA 1S 2ERO
(LOSSES > SPILL MASS). IF EITHER IS TRUE, 1T RETURNS ‘IDEB’=0.
OTHERWISE, IT RETURNS ‘IDEB‘=2.

COMMON/MASS/TOTALE: TOTALD, TOTALM, TMASS -

COMMON/MLOSS/EVAPM, DISSOM -
COMMON/PRIM/YPRIME(S), IDEB, KKK
COMMON/MOVE/UPEAK (10), XLE, XTE, YLE, YTE, DEL.T, TIME, TSTOP, TCHECK
COMMON/STYPE/SPILLM. SPILMR, TSPILL. WS, STP, SPM .
COMMON/RUNQE/YY(5), C(24), W(S5, 30)
COMMON/CHEMI /DENCO, DCA, DCW, CS, CMW
COMMON/SPRE20/TII, ATK, HTK, ATN, HTN, HMIN, INDEX, IFLAG

IDEBR= 2 .
-EPSLON= . 01

ISTP=STP

IF(ISTP. EQ. 1) QOTO 10

#+ CONTINUQUS SPILL ## : ‘ o -

YNET1=SPILMR-YPRIME(4)-YPRIME(S)

TEST=EPILMR- YPRIHE(4)—YPRIHE(5)—DEND§HTN*YPRIHE(2)
IF(TEST. LE. EPSLON) IDEB=0

RETURN

% INSTANTANEQUS SPILL «#

DISSTM = TOTALD + DELT # DISSOM # YY(1)
EVAPTM = TOTALE + DELT » EVAPM # YY(1)
IF ((ABS(SPILLM - DiSSTM - EVAPTM) / SPILLM) .LE. EPSLON)THEN
IDEB = O
RETURN
ELSE
ATEMP = YY(1) + YPRIME(1) # DELT
IF(ATEMP . LE. 0) THEN
IDEB = O
RETURN
ELSE
RETURN
ENDIF
ENDIF
END
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0001

. 0002
0003

0005
0006

0007

0008

(el ol oo ol ol e elef sl el ol el ol of of of of ef A o] f o o of o o o o o ef ] ol o o] of o of ef { of of ] f f o f o o A o ] o] o of o] of o] e o] o o of o
SUBROUTINE CHEMCL(ICS. NAME, PB, PHI, DENO., CS, CMW,
1 DCA, DCW, SICUA, SICOW)

ool o{olelol ol ol ol ofof f sl o ol of o} of o o of of of of of o] o{ ot e of o of of of e of o o] of of of o o o] od ¥ of o ] ot ol of f o o] ad ot of e o of o{ od { o{ o o{ o o

THIS SUBROUTINE IS CALLED BY "SPTYPE™. IT INPUTS AUTDMATICALLY
THE CHEMICAL PRCPERTIES FOR THE 2C LISTED CHEMICALS. ‘

ODOOOO

COMMON/WATER /DENW, VISW, GR
COMMON/ENVOR/PY, VISA, DENA, TDC
COMMON/NAME/NC (2, 20)

a2 a2 a2 22 1222 2222222222 2 S RS 2R i o ot e R s R Ay

* MATERIAL NO. NAME

* 1 ALLYL CHLORIDE

- 2 BENZENE

» 3 BUTADIENE (1,2)

» 4 BUTYL ACETATE (IS0)
* S BUTYL MERCAPTAN (N)
» & CHLOROBUTA-1-3-DIENE
» 7 CYCLOHEXANE :

- 8 CYCLOHEXENE

» 9 DIPROPYL ETHER (I1S0)
* 10 ETHYL CHLORIDE

» 11 ETHYL MERCAPTAN

» 12 HEPTANE (N)

» 13 HEXANE (N)

* 14 METHYL CYCLOHEXANE
* 138 NOMNANE (N)

» 16 OCTANE (N)

* 17 PENTANE

* 18 TOLUENE

* 19 TRIMETHYLBENZENE

* 20 XYLENE (M)

LA el sl S e S e T e S Ty S Y S e ey S e s e
CHARACTER#10 NAME(2).NC

DIMENSION RHO(20), WM(20), DOA(R0), DOW(20),

1 SL(20), TF1(20), CAO(R20), CA1{20), STA(20), SA0(20),
2 SA1(20), TFR(20), STW(20), TF3(20), PAF(20), CTK(20),
3 VPA(20), VPB(20), VYPC(20)
DATA NC/'ALLYL CHLO’, ‘RIDE ‘y 'BENZENE ‘! ‘s
1 ‘BUTADIENE “, " (1, ) ‘, 'BUTYL ACET’, ‘ATE (1S0) .
2 ‘BUTYL MERC’, ‘APTAN (NJ ’, 'CHLOROBUTA’, '-1-3-DIENE",
3 ‘CYCLOHEXAN, 'E ‘» 'CYCLOHEXEN', 'Z ‘s
4 ‘DIPROPYL E’, *THER (IS0)‘, 'ETHYL CHLO’, ‘RIDE ‘)
i 'ETHYL MERC’, 'APTAN ‘y "THEPTANE (N, 7)) "y
6 'HEXANE (N) 7, ‘) 'METHYL CYC’, 'LOHEXANE 7,
7 'NONANE (N) /, ‘s 'OCTANE (N) ', * ‘s
8 ‘PENTANE ! ‘s 'TOLUENE ‘! ‘)
9 TRIMETHYLB“, 'ENZENE ‘y 'XYLENE (M), ' '/
c ‘ RHO IS DENSITY AT REFERENCE TEMPERATURE (20C) - IN 6M / CU. CM.
DATA RHO/938. 0, 879. 0, 652. 0. 871. 0, 841. 0, 9%46. 0, 779. 0, 810. 0,
b 725. 0, 896. 0, 839. 0, 684. 0, £59. 0, 769. 0, 718B. 0, 703. O,
< 626. 0, 867. 0, 894. 0. 864. 0/
c WM 1S MO_ECULAR WEIQHT

c-7
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0010

0012

0013

0014

0013

0017
0018

00RG

o021

ooz

0o0o0n

0O00O00

QOO0

00

WN= W~

R) -

DATA WM /76. 326, 78. 114, 54, 092, 116. 160, 90. 19, 88, 34, 64. 162, -
82. 1446, 102. 177, 4. 313, 62. 134, 100. 203, 86. 178, 98. 189,
128. 239, 114. 232, 72. 151, 92. 141, 120. 195, 106. 1468/
DOA IS DIFFUSIVITY IN AIR AT REFERENCE TEMPERATURE (20C) - .
IN 5Q. CM. / SEC.
DATA DOA/O. 097, 0. 087, 0. 0, 0. 044, 0. 0, 0. 0, 0. 081, 0. 083, 0. 063,
0. 0913, 0. 0983, 0. 064, 0. 070, €. 072, 0. 0%8, 0. 038,
0. 075, 0. 083, 0. 063, 0. 072/
DOW IS DIFFUSIVITY IN WATER AT REFERENCE TEMPERATURE (2OC) -
(8Q. CM. /7 SEC.) = 1ED
DATA DOW/1.019,1.02,1. 062,0.712,0.0,0.0,0. 84, 0. 870, 0. 744,
1. 128, 1. 833, 0. 700, 0. 764, 0. 799, 0. 397, 0. 638, 0. 84,
0. 895, 0. 698, 0. 756/
VPA, VPB AND VPC ARE USED TO CALCULATE VAPUR PRESSURE PV HAS
A UNIT OF (NEWTON / 8G. M.)

‘DATA VPA/10. 84, 10. 03055, 10. 11873, 10. 15, 11. 06, 9. 2864,

9. 9662, 10. 01107, 9. 9744, 10. 82, 10. 75, 10. 02167,
10. 00091, 9. 9479, 10. 06383, 10. 04358, 7. 97784,
10. 07954, 10. 16572, 10. 13398/
DATA VWPB/1540.,1211. 033, 1041. 117, 1343.,1877.,783. 45; 1201. 33,
1229. 973, 1139. 34, 1373., 1461, , 1264. 90, 1171. 17,
1270. 763, 1431. 82, 1351. 99, 1064. 84, 13448, 1593. 998,
14462. 266/
DATA VPC/273. 2, 220. 79, 242. 274, 207. 0. 273. 0, 179. 7, 222. &5,
224,10, 218. 7, 273. 2, 273. 0, 216. 54, 224 41, 221. 42,
202. 01, 209. 15, 233. 01, 219. 48, 207. 08, 215. 11/
SL IS THE SOLUBILITY IM @ 7/ 100 @ OF H20 P
DATA SL /.33,.175,0..,.6,.06,0.,.015,0.,.2,.60,1.5,. 0052, *
.014,0.,0.,.002,. G36,.049,0..,. 0196/
TF1 IS THE REFERENCE TEMPERATURE FOR SOLUBILITY
DATA TF1/2%5.,20.,0.,20.,0..,0.,28. 34,0.,20..,20.,20.,18.,
0.,0.,0.,16.,16.,20.,0.,25./

CAO AND CAl ARE USED TO CALCULATE TEMPERATURE DEPENDENT
SOLUBILITY .

DATA CAQ/0. 0, ~. BR213, 15#0. 0, —1. 57767, 2#0. 0/
DATA CA1/0.0.,. 00337, 15+0. 0,. 0114, 2#0. O/

STA 1S THE SURFACE TENSION BETWEEN CHEMICAL AND AIR
AT REFERENCE TEMPERATURE TF2 — IN DYNE / CM

DATA STA/2.89.2.888,0.0,2.37,2.61,0.0,2. 46, 2. 678, 1. 71, 1. 95, 2. 35, §
1.93,1. 84,2 38%,2.29,2 17, 1. 40, 2. 8%2, 2. 883, 2. 860/ 3
DATA TF2/15. 0, 7%#20. , 2%. 035, 11#20. /
SAO0 AND SA1 ARE USED TO CALCULATE SURFACE TENSION AT
DIFFERENT TEMPERATURE
DATA SA0/0. 0, 31. 34, 4#0. 0, 27. 62, 29. 23.19.89,0.0,0. 0, 22. 1.
20. 44,24, 11, 24. 72, 23. %2, 18. 25, 30, 90, 30. 91, 31. 23/
DATA SA1/0.0,. 133, 40, 0, . 1188,. 1223,. 1048, 2#0. 0, . 098,
. 1022, . 113, . 09347, . 093509, . 11021, . 1189, . 1040,
. 1104/

STW 1S THE SURFACE TENSION BETWEEN CHEMICAL AND WATER AT

c-8




.
o

PR
&0
S

L PED T YA

.‘
h AV

Y~ VYIS |

N wewE v
LR A ]

(]

«

Lo AT,

a
N

q.-

NNNA

N

e
LY

AR - (LA PUN

e v e
LR DY

'y 4

[RLEE RN 4 Y

[N

¢

IS

4

&S

»
L

D4 1 - S

.

0023

0024

0023

Q026

ooR7
ooes
009
0030

003.
0032
0033
0034

0035
0036

00237
0038

0039
0040
0041

0042

0043

0044

00453

00446

1112

1113
1116

1114

OO0 OO0

OO0

REFERENCE TEMPERATURE TF3 - DYNE / CM

DATA STW/S.71,3.%0.0,4.0,3.0,0.0.5% 0.0.0,1.71,4.00,2 %.5. 10,
$.11,0.0,3.50,5 08,5 02,3.61,0.0,3. 44/
DATA TF3/22.7%,20..0.0,19.8%.20..0..24.85,0. 0,.25%. 05,
- 15,20, ,19.8% 20.,0.,20.,20.,19.895,2%.,0..29. 85/
PAF 1S THE PITZER ACENTRIC FACTOR
DATA PAF/. 13, . 212, . 2%5, . 479,.3,0..,.213,.21,. 34,.19.. 19,
. .3%1,. 294, . 233, . 444, . 394, . 251, . 2%7, . 39, . 331/
CTK IS THE CRITICAL TEMPERATURE - IN K
DATA CTK/314. 1%, 562. 05, 443. 79, 361. 15, 562. 95, 0. , 553. 45,
340. 41, 300. 09, 460. 35, 499. 15, 540, 1%, 307. 35, 372 2%,
994, 94, 568. 7. 469. 65, 891. 72, bbA. 4%, b16. 97/
DO 1112 1 = 1, 2
NAME(I) = NC(I, ICS)
CONTINUE
PHI = (1 0-(293. 19/CTK(ICS)))wu(2 0/7.0)—(1. O-(TDC+273. 15)/
CTK(ICS)) »#(2. 0/7.0) '
IF (PHI EG. 0.) G0 TO 11153
212 = . 290%& - . Q877% # PAF(ICS)
DENO = CHEMICAL DENSITY IN KG/CU. M.
DENC = (RHO(IES) # (227 w## PHID)
C0 TO 1114
DENO = RHO(ICS)
CUNTINUE

PV = VAPOR PRESSURE - IN NEWTON / SQ. M.
PV = (VPA(ICS) -~ VPB(ICS) / (TDC + VPC(ICS)))
PY = (10 »= (PV)) / 10.0

C8 = SOLUBILITY LIMIT - IN KO / CU M

IF (CAQ(ICS) .EQ. 0.0 .AND. CAl(ICS) .EQ. 0.0) GO TO 1114
SL(ICS) = 10. ##(CAQ(ICS) + CA1(ICS) #» TDC)

CS = SL(ICS) #» DENW / 100. 0

CHMW = MOLECULAR WEIGHT
CHMW = WM(ICS)

DCA = DIFFUSIVITY IN AIR (SQ. M./ SEC)

DCA = (DOA(ICE) « (1 O1325E&) / 293. 13 #+ | 3) +»
((TDC + 273.19) #+ 1.3 / (PB » 1000.0))

DCA = DCA » | E-4

NOTE . PB IS IN MILLIBAR
1. 0132%#1 E6 IS THE REFERENCE PRESSURE IN DYNE/ZQ. CM

DCW = DIFFUSIVITY IN WATER (5Q. M. / SEC.)

DCW = (DOW(ICS) + QO1002 / 293.1%) # ((TDC + 273. % /
(VISW # DENW))

DCW » DCW » | E-7

SICUA = SURFACE TENSION BETWEEN CHEMICAL AND AIR
({IN NEWTON /7 M)

€-9
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0047

0049
0030
0051

0082
0093
00384

1117
1118

-

IF (SAO(ICS) .EQ. 0.0 . AND. SA1(ICS) .EG. 0.0) 6O TO 1117
SICOA = (SAQ(ICS) - SAL1(ICS) # TDC) # (1. E-D)

@0 TO 1118

S100A = STA(ICS) # (1 OE-Q)

CONTINUE

S1G0W = SURFACE TENSION BETWEEN CHEMICAL AND WATER
(IN NEWTON /7 M. )

SIGOW = STW(ICS) # (1. OE-Q)

RETURN

END
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o002
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000%
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0010
0011
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0014
0015
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0019
0020
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0022
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C SUBROUTINE CURRENT c
C THIS SUBROUTINE COMPUTES THE AVERAGE TRANSPORT c
c - VELOCITY OVER ENTIRE SPILL DURATION c
(el elol il ol el ol ol el e f of of o e f o o] of ol s o o{ d T S f d o A A A o L o f f e A of o of f f A o T o o A ] F o o] o ol f o]
c
c THIS SUBROUTINE IS CALLED BY "SPREAD". IT CALCULATES THE
c AVERAGE VALUE OF THE VELOCITY USED IN THE SPREADING MODELS
c TO COMPARE WITH THE PEAK COMPUTED IN UTPEAK.
c
c *# VARIABLE NAME #4#
c
c UBAR(I) = AVERAQE VALUE OVER TIME OF UC + 0. 033#VW (COMPONENTS)
c IN EACH OF THE 9 SLICES OR BOXES. FOR A RIVER, A
c DUMMY BOX(I=i) IS USED. .
c
SUBROUTINE CURRT
COMMON/CURRENT /UBAR(10), DMOVE, UTOT., UTX, UTY, UREL
COMMON/MOVE /UPEAK (10), XLE, XTE, YLE., YTE, DELT, TIME, TSTOP., TCHECK
COMMON/CONTOUR/SHAPE, X(10), Y{(10), XC, YC, IC, IW, ISP, X0, YO
COMMON/CONSTAT/UC, VW, UTBAR, U0, UL, WT, ALPH, THETAL
COMMON. TRANSIT/UX (10, 10), UY(10, 10), VWX (10},

1 VWY (10), THETA(10),TI¢(10), ID, IT, IV,

Q@ XU(10), YUCL10), TT(IO)
COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM
COMMON/UAVE/UCX L, UCY L, VWXL, VWYL

c
C
IF(IC. EQ. 0. AND. IW. EG. 0) €0 TO 999
ISHAP = SHAPE
IF (ISHAP. GCT. 1) @0 TO 200
c
C pp——
c IN RIVERS OR CHANNELS
C -
c
IF (IC. EQ. 1) Q0 TO &0
IF (TSPILL.CT.WT) G0 TO %0
C ERBRBBRRVBESRRR BBV RBDRRBRIERBRBBRRERPRRRBRDBRRRRREBBRRRBERRBRERR
c AVERAQE VALUE OF TIDAL VELQOCITY OVER ONE TIDAL PERIOD
C AAAA AL A LI DRSNS SRS RS2SRSS SRR SRS RS R R R R R L R Y
UC = Uo
S0 TO 40
o 1o) CONTINUE
C RVBBRBRBRRBRPPARBDEBDBBBRBRBBRBDDDH BT B2 320355908 N
9 AVERAGE VALUE OF TIDAL VELDOCITY OVER DISCHARGSE TIME
C BEBBUBBBBBBABRRRGRBBRDRBRRBBBBRBBBRBBRRIRBRBSRRRRBR B HBHE SRR R
T = YO+UL#WT /6 28318#(~COS(H. 28318/WTH(TSPILL+ALPH))
1 +CO0S (4. 2831 8#*ALPH/WT))
60 IF (IW.LE. 1) @0 TO 70
VWT = O
THETIT = O
DO 62 1 = 1,10
IF (TSPILL.LT TT(1l)) @O TO 4%

VWT = ‘JWT +VWX(T)
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0037
0038
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0041
0042
0043

0043

0046
0047
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[o]
o

210

‘240

2350

o000

3040

OO0

-

THETIT = THETIT + THETA(I)

CONTINVE v

VW = VWX(I=1) + (TSPILL=TT(I=1))#(VWX(I)~YWX(I-1))/ |
(TT(DH-TT(I-1)) !

THETAL = THETA(I~1) + (TSPILL-TT(I-1))#(THETA(I)-THETA(I-1)) .’

FOTTC=TT(I=-1))

WA R PRI B 20 S B P P P S 4h 03 25 4 A0 0 b 3 96 2P 4 b 96 48 S 46 4 1646 92 S 98 I 3 I 3 9B

TIME AVERAGE VALUE CALCULATED OF WIND AND WIND ANCLE UP TO

END OF DISCHARGE TIME

t 22222222 P22 22 22T AL 2t Ey Ly s T R R R R R R Y

VW = (VHT+YW) /1 ‘ ‘

THETAL = (THET1T+THETAL1)/1 : .

UBAR(1) = yYC + 0. 039 » VW # THETAL

60 T0 999 ' "

IN OPEN WATER

CONTINUE oo

IF (IW. GT.1) Q0 TO 210

VWX1 = YWX(1)

VWY1 = YWY (1)

@0 TO 300

VWXl = 0.0

VWYl = 0.0

DO 240 U = 1,10

IF (TSPILL.LT. TT(J)) QO TO 2%0

VWX1 = VX1 + VWX (J) ' ‘ 1

VEY1 = VWY1 + VWY(J)

CONT INVE

VX1 ® VX1 + VWX (J=1)+(TBPILL=TT{(J=1) ) # (VWX (J)=VWX{J—1))
Z{TT(N =TT (J-1))

VWY1 = VWYL + VWY (JU=1)+(TBPILL=TT(J=1))# (VWY (J)=UWY(J=1))
J(TT( =TT (U=1))

P2 AL 2222 PR L2222 D2 S SRR Y R R Rl Rt AL S syl

TIME AVERAGE YALUE OF WIND COMPONENTS UP TO END OF DISCHARGE

TIME

BDRBLPRRODBBRPBDRRPBREDBE RSB RR RN D050 900023002 5520 B

VWX1 = WWX1/J

VWY1 = VWYL/J

CONTINUE

IF ¢I1C.QT. 1) &0 TO 310

Wi = ux(t, 1)

UuR = yyit, 1)

UCX1l = Wit

UCYl = uu2

[ZT22E 2T R AL LSRR YRR YYY YRR LN LS S S LS SRRy YLD o

COMPUTE UBAR WHEN CURRENT IS CONSTANT

RERRBBBBRRRBRRRRBRRDRAR B RRRRRI D020 T T3 30 40304 I

~uge

UBAR(1) = SGRT((UU1+0. 033#VWX1)##2+(UU+0. O33#VHY 1) %e2)
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0053

00356
0037
0058

. 0059

00460
0041
0062
0063

Q0064

0065
0066
00&7
0068
0069

0070

0071
0072
0073
0074
0075

0076

0077

o078
007%
0080

310

320

340
350

OO0

THETA(1) = ATAN((UUR+0. 035#VWY1)/(UU1+0. 035%VIWY1))

@0 TO 999

DO 30 I = 1,9

IF (IC.eT.2) 0 TO 320

VUt = Ux(I, 1)

UuR = Uy(l, 1)

€0 TO 360

Wi = 0.0

Uug = 0.0

DO 340 u=i1,IT

IF (TSPILL.LT. TI(J)) @O0 TO 350

UUL = YUL + UX(I,J)

oug = uu2 + Uv(Il, J)

CONTINUE

UUL = UUL + UX(T, J=1)+(TSPILL-TI(J=1))#(UX(I, J)~UX(I,J=~1))
ZATI(I=TI(I=1)) :

UURQ = UU2 + UY(I, J=1)+(TSPILL-TI(J-1))#(UY(I, H)-UY(I, J=-1))
ZATICI)=-TI(J-1))

2222 E R R TR A R Y R L R N R S R R R e e R R e s

COMPUTE AVERAGE CURRENT IN EACH BOUX OR SLICE

P2 e S T Ry Y R R Y R I T R I Y S e e S SR e

uut =Cer /)

U = Uytrd

IF(I.NE <P)CQTO 380

Uucxi = /)

UCYl = 2

RESBVRBRRFBRRE SRS B BB BEBRBBRRBRRED DB D A B R IR R DI RS R RSB

COMPUTE AVERAGE UBAR IN EACH BOX OR SLICE

RBRRRBBRRRRRBBABEBRBRRBRB BB RBRRDRREARRBBRRB BB R RSB RRE SRR B RS D

UBAR(I) = SGRT((UU1+0. O33#VWX1)##2+(UU2+0. O35#VHY 1) #42)
THETA(I) = ATAN{ (UU+0. 035#VWY1) /(UU1+0. O33#VWX1))

CONTINUE
RETURN
END




C
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c SUBROUTINE DISS
c THIS SUBROUTINE 1S USED TO COMPUTE DISSOLUTION LOSS c
€CCCCCCCCCCCCCCCLCCCCCCCCCCECCCCCCCLLCLCCCeeeeeeeeeeceeececeeceecececcee
¢
c THIS SUBROUTINE 1S CALLED BY “INTE". IT CALCULATES THE
c DISSOLUTION MASS TRANSFER RATE COEFFICIENT. THE RELATIVE
c WIND IS CALCULATED IN “"TRANSP“. . :
C P 2222222 222 222 o2t 2t
c DISSOM = DISSOLUTION MASS TRANSFER RATE COEFFICIENT (KG /7 SQ. M-
c
0001 SUBROUTINE DISS
0002 COMMON/SIZE/R. D, WW, L1, L2, H, RO
0003 COMMON/CHEMI /DENQ, DCA, DCW, CS, CMW
0004 COMMON/WATER/DENMW, VISW, GR
0009 COMMON/ENVOR /PV, VISA, DENA, TDC
0006 COMMON/ INTER/COEF, S16WA, SIG0A, SIC0W, SIC
0007 . COUMMON/CONSTAT /UC, VW, UTBAR, U0, U1, WT, ALPH, THETA1
0008 COMMON/MLOSS/EVAPM, DISSOM
0009 COMMON/MOVE /UPEAK (10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
0010 COMMON/CONTOUR /SHAPE, X(10), Y{10), XC, YC, IC, IW, ISP, X0, YO
0011 COMMON/TRANSIT/UX (10, 10),UY(10, 10), VWX(10),
‘ 1 VWY (10), THETA(10), TI{10), ID, IT, IV,
2 XU(10), YU(10), TT(10)
0012 ‘ COMMON/1ID/1D1, ID2, 1D3
0013 ‘ COMMON/EVADIS/DAN, UXA, SCHMIA, CSA, DWN, UXW, SCHMIW, CSW
0014 COMMON/CURRENT /UBAR ( 10), DMOVE, UTOT, UTX, UTY, UREL
c
0019 DATA D1, D2, D3, D4, D5, D&, D7. DB/. 85, 1., 2. 3% . 8, . 065, . 55,. 2. 11. 2/
0016 I = IW+l ;
0017 J = SHAPE ' j
, c
c #% SCHMIW = SCHMIDT NO. FOR HATER e :
c
0018 SCHMIW = VISW/DCW ‘
0019 CSW = CS/DENW
c P
. C T
0020 Q0 TO (10,100, 100) J §
: «
c DISSOLUTION IN RIVERE OR CHANNELS !
e 5
o021 10 CONTINUE
¢
C ## DWN = DALTON NO. FOR RIVER ##
¢
0022 DWN = 0. 06266/ (SCHMIW##(2. /3. ))
0023 K = IC+1 : N
0024 G0 TO (11,12,13) K
¢ ~—= NO CURRENT —=-
‘0025 11 DISSOM = 0.0
0026 G0 TO 999

c ——= CONSTANT CURRENT -




0027
oozs

0029
0030

0031
0032

0033
0034

Q035

0036
0037

Q038
0039

0040
0041

0042
0043

0044
0045

0046

0047

0048

0049
0050

@0 TO 20
~== TID AL CURRENT -—-
UC = UO+UI#SIN(2 0#3. 14159/WTH(TIME+ALPH))
UXW = UC/ (5. 66#ALOC1I0(2. O#D/RO)+4. 92)
€0 TO 500

DISSOLUTION IN OPEN WATER

CONTINUE
G0 TO (110,120,120) 1
-—— NO RELATIVE WIND -—-
DISSOM =0. 0O
0 TO 999
~—— RELATIVE WIND-——-
IF (UREL. @T. 3. 064) @0 TO 155
-=- UREL . LE . 3. 064 METER/SEC =—-—-—
UXW = SGRT(DENA/DENN)*UREL’SGRT((1 25E-3) / (UREL##0Q. 2))
0 TO 160
--= UREL . €T . 3. 044 METER/SEC ———
UXW = SGRT(DENA/DENW)*UREL#SQRT ( (D4+D5#UREL ) /1000. O)

IF (UREL.QT.5.0) 10 TO 165

=~—— UREL . LE . 5.0 METER/SEC -——
BW = 12 S#(SCHMIW##(2. /3. ))+2. 125#AL0G(SCHMIW)~5.3
0 TO 170

--— UREL . QT . 5 0 METER/SEC --~
CONTINUE
SCT = DI
HPLUS =H#UXW/VISW
BW = D&#( (SCHMIW##(2. /3. ))—D7)*SGRT(HPLUS)—

2. 3#SCT*ALOQ(HPLUS)+DB#SCT

ZW = DI*UXW/VISW
## DWN = DALTON NO. FOR CPEN WATER ##

DWN = 1. 0/(2 5#SCT#ALDG(IW)+BW+D3)

DISSOM = DWN # DENW #UXW #CSW

RETURN
END

€-15
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0017
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c SUBROUTINE EVAP c
¢ THIS SUBROUTINE IS USED TO COMPUTE EVAPORATION LOSS c
CCCCCCCCCCCCCCCCCCCCCCCCCCCCECCECCCCeCCClCCCCCCCCCCCCCeCCCeeeeeeeceecee
c .
¢ THIS SUBROUTINE IS CALLED BY "INTE". 1IT CALCULATES THE
c EVAPORATION MASS TRANSFER RATE COEFFICIENT. THE RELATIVE
c WIND IS CALCULATED IN “TRANSP".
C 1 4520 25 4 T I 4 S 4 3 T3 B A R .
c EVAPM = EVAPORATION MASS TRANSFER RATE COEFFICIENT (K@ / SQ. M-
c \ .
SUBROUTINE EVAP
COMMON/SIZE/R, D, WW, L1, L2, H, RO
COMMON/CHEMI /DEND, DCA, DCW, CS, CMW
COMMON/WATER /DENW, VISW, OR
COMMON/ENVOR/PY, VISA, DENA, TDC
COMMON/ INTER/COEF, SIGWA, 51 G0A, SIGOW, 516
COMMON/CONSTAT /UC. VW, UTBAR, UO, UL, WT, ALPH, THETA1
COMMON/MLOSS/EVAPM, DISSOM
COMMON/MOVE /UPEAK ( 10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
COMMON/CONTOUR /SHAPE, X(10). Y(10), XC, YC, IC, IW, ISP, X0, YO
COMMON/TRANSIT/UX (10, 10), UY(10, 10), VWX (10},

1 VWY (10), THETA(10), T1(10), ID, IT, IV,

2 - XU(10), YU(10), TT(10) .
COMMON/ID/1D1, 1D2, ID3
COMMON/EVADIS/DAN, UXA, SCHMIA, CSA, DWN, UXW, SCHMIW, CSW
COMMON/CURRENT /UBAR ( 10), DMOVE, UTOT, UTX, UTY, UREL ‘ )
DATA D1, D2, D3, D4, DS, Dé, D7, D8/. B, 10., 2. 35, . 8, . 065, . 55,. 2, 11. 2/

C .
IF(UREL. £Q. 0. 0) THEN
EVAPH = 0.0
G0TO 999
ELSE
ENDIF ‘
IF (UREL. GT. 3. 064) GO TC S5
c ——— UREL . LE . 3. 064 METER/SEC ——-
UXA = UREL#SGRT((1. 25E-3)/ (UREL##0. 2)) .
@0 TO &0
¢ -— UREL . @T . 3.0&4 METER/SEC ——-
ss UXA = UREL#SGRT((D4+DS#UREL)/1000. 0)
c
60 CONT INUE
HX = H # UXA /VISA
¢
¢ #% SCHMIA = SCHMIDT NO. FOR AIR ##
¢
SCHMIA = VISA/DCA ‘
6% CSA = (PU#CMW/ (8314, 32#(TDC+273. 15)) ) /DENA
¢
c B
70 IF (UREL.GT.5.0) GO TO 7%
¢ -—— UREL . LE . 5.0 METER/SEC ——
BA = 12. S#(SCHMIA#+(2. /3.))+2. 125#ALOG(SCHMIA)-5.3
¢0 TO 80
¢ -- UREL .GT. 5 O METER/SEC ---
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0
0

BA = Dé# (SCHMIA##(2. /3. )=D7)#SAGRT(HX)-2. 3#SCT*ALOC(HX)
+D8#SCT

CONTINUE

ZA = D2 # UXA / VISA

SCT = DI

#+# DAN = DALTON NO. FOR AIR ##

DAN = 1.0/(2. 3#SCT#ALOC(ZA)+BA+D3)

EVAPM = DAN # DENA # UXA # CSA

RETURN
END
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SUBROUTINE FCN1it ’
SIMULTANEOUS EQUATIONS FOR MODEL 1. A

THIS SUBROUTINE 1S CALLED BY "RUNKUT® THROUGH "INTE". IT CONTA
THE ORAVITY-VISCOUS SPREADING EQUATIONS FOR AN INSETANTANEOUS
SPILL IN A RIVER.

SUBROUTINE FCM1i (N, TIME, YY, YPRIME)
COMMON/SPREAD/TII. ATK, HTK, ATN, HTN. HMIN, INDEX; IFLAC
COMMON/STYPE/SPILLM, SPILMR, TSFILL, WS, STP, SPM
COMMON/CHEMI /DENG, DCA, DCW, CS, CMw
COMMON/WATER/DENW, VISW: @R ]
COMMON/ENVOR/PV, VISA, DENA, TDC
COMMON/SIZE/R, D, WW, L1, L2, H, RO -
COMMON/MLOSS/EVAPM, DISSOM
COMMON/MASS/TOTALE, TOTALD, TOTALM, DMASS
COMMON/ INTER/COEF, SIGWA, SICG0A, SIGOW, SI1¢
COMMON/CK/C10, C20, C11, C21, C12, C22, K10, K20, K1}, K21,
K12, K22
COMMON/PRIM/PRIME(S), IDEB, KKK
REAL YPRIME(S), YY(S)
REAL K10, K20, K11, K21, K12, K22
YPRIME(4) = EVAPM#YY(1)
YPRIME(S) = DISSOM*YY(1) :
DLOSE = YPRIME(4)+YPRIME(Y) ' ]
YPRIME(2) = 2. 76#(( (SIC#WW s /DENW) ##2/VISW) ##(1. /3. )) :
/7(YY(2)#%(1.0/3.0))

YERIME(1) = 2. 38#(C20##(8. /3. ) ) #( (CR¥WWHIWSCOEF ) ##2/VISW) 1
' *# (1. /3. )e(YY(I)#n(4 /3. ))/(YY(I)**(l /3. ))
~DLOSS/ (2. O*DENO#YY(3))
!
YPRIME(3) = —~(YY(3)#YPRIME(1)+DLOSS/DEND) /YY (1)
DO 100 11ID=1, S

#+ PRIME ARE VARJABLES USED IN "CHEKMS" ##

PRIME(IID)=YPRIME(IID)
CONT INVE

RETURN

END
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YPRIME(4) = EVAPM#*YY (1)

SUBROUTINE FCN12
SIMULTANEOUS EGUATIONS FOR MODEL 1. B

THIS SUBROUTINE 1S CALLED BY "RUNKUT" THROUGH "INTE". IT CONTAY
THE QRAVITY-VISCOUS SPREADING EQUATIONS FOR AN INSTANTANEQUS SP
IN OPEN WATER.

SUBROUTINE FCN12 (N, TIME,YY.YPRIME)

COMMON/SPREAD/TII, ATK, HTK, ATN, HTN, HMIN, INDEX, IFLAG

COMMON/STYPE/SPILLM, EPILMR, TSPILL, WS, STF, SPM

COMMCN/CHEMI/DENGO, DCA, DCW, CS, CMW

COMMON/WATER/DENW, VISW, GR

COMMON/ENVOR /PV, VISA, DENA, TDC

COMMON/SIZE/R, D, WW, L1, L2, H, RO

COMMON/MLOSS/EVAPM, DISSOM

COMMON/ INTER/COEF, SIGWA, SICOA, SICOW, SI¢

COMMON/CK/C10, €20, C11,C21,C12, C22, K10, K20, K11, Ka1l,
K12, K2

COMMON/PRIM/PRIME(S), IDEB, KKK

REAL YPRIME(S), YY(3)

REAL K10, K20, K11, K21, K12, K22

PI=ACOS(-1.)

YPRIME(S) = DISSOM#*YY(1)

DLOSS = YPRIME(4)+YPRIME(S)

YPRIME(2) = & OQ#(((SIC/DENW)##Z/VISW)I#=(1, /3. ))
#(YY(2)#2¢1 /3. ))

YPRIME(1) = O.S*((PI*(K200!2.))**2.)#(((CR*COEF)**2/VISN)
##(1. /3. ))R(YY(3)##(4. /3 ))R(YY(1)#a(1 /3.))
-2. /3. #DLOSS/ (DENO#*YY(3))

YPRIME(3) = —(YY(3)#YPRIME(1)+DLOSS/DENQ)/YY (1)
DO 100 1ID=1,5

#+ PRIME ARE VARIABLES USED IN "“CHEKMS" #+

PRIME(IID)=YPRIME(IID)
CONTINUE
RETURN
END
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SUBROUTINE FCN21
SIMULTANEQUS EQUATIONS FOR MODEL 2. A

THIS SUBROUTINE 1S CALLED BY “RUNKUT" THRQUGH "INTE". IT CONTAI
THE QRAVITY-VISCOUS SPREADING EQUATIONS FOR A CONTINUOUS SPILL
IN A RIVER WITH NO CURRENT OR WIND.

SUBROUTINE FCN21 (N, TIME, YY, YPRIME)

COMMON/SPREAD/TII, ATK, HTK, ATN, HTN, HMIN, INDEX, IFLAG

COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM

COMMON/CHEMI /DENG. DCA, DCW, CS, CMW

COMMON/WATER/DENW, VISW, GR

COMMON/ENVOR/PV, VISA, DENA, TDC -

COMMON/SIZE/R, D. WW, L1, L2, H, RO

COMMON/MLOSS/EVAPM, DISSOM

COMMON/ INTER/COEF, S1QWA, SIQ0A, SIQOW. SI6

COHHON/CK/CIC C20,C11, C21, €12, CR2, K10, K20, K11, K21,
K12, K22

COHHON/PRZH/PRIHE(S) IDEB, KKK

REAL YPRIME(3), YY(3)

REAL K10, K20, K11, K21, K12, K22

YPRIME(4) = EVAPM#YY(1)

YPRIME(S) = DISSOM#YY(1l)

DLOSS = YPRIME(4)+YPRIME(D)

YPRIME(2) = 2. 76#( ((SIO#AI/DENW) ##2/VISW)## (1. /3. ))

7(YY(2)#%(1.0/3.0))
SPM=SP ILMR-DLOSS-DENO+HTN#YPRIME(2)
IF(SPM. LE. 0. O) €OTQ 998

YPRIME(1) = 2. 38#(C21##(8. /3. ) )#(((GR##COEF ) ##2/VISW)
#% (1. /3. ))(YY(I)#w(4 /3. ))/(YY(1)#=(1. /3. ))
~-DLOSS/ (2. O*DENO#*YY(3))
-0. 5#(HTN/YY(3) ) #YPRIME(2)
+ SPILMR/ (2. O®DENQO*YY(3))

YPRIME(3) = —(YY(D)#YPRIME(1)+HTN#YPRIME(2)+
DLOSS/DENI~-SPILMR/DENQ) /YY (1)
DO 100 IID=1,35

#e PRIME ARE VARIABLES USED IN "CHEKMS® #
PRIME(IID)=YPRIME(IID)
CONTINUE

RETURN
END

€-20
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C SUBROUTINE FCN22 C
c SIMULTANEOUS EQUATIONS FDR MODEL 2. B (
CCCCCCCCCCCCCLLLCCCCCCCCCCCCLCCLCLCLLaeeeeeceeeeececeeeceeegeeeeeeccceeeccecece
¢ .
C THIS SUBROUTINE IS CALLED 3Y “RUNKUT" THROUGH "INTE". IT CONTAIM
c THE QRAVITY-VISCOUS SPREADING EQUATIONS FOR. A CONTINUOUS SPILL
c IN OPEN WATER WITH NO CURRENT OR WIND.
c
0001 SUBROUTINE FCN22 (N, TIME, YY, YPRIME) ‘
0002 COMMON/SPREAD/TII, ATK, HTK, ATN, HTN, HMIN, INDEX, IFLAC
0003 COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SFM
0004 COMMON/CHEMI/DENQO, DCA, DCW, CS,/ CMW
0003 COMMON/WATER/DENW, VISHW, OR
0006 COMMON/ENVOR/PV, VISA, DENA, TDC
0007 COMMON/SIZE/R. D, WW, L1, L2, H, RO
0008 COMMON/MLOSS/EVAPM, DISSOM
0009 COMMON/ INTER/COEF, SIGWA, SICOA, SIQNW, SIC
Q010 COMMON/CK/C10, C20,C11,C21, C12, CR2, K10, K20, K11, K21,
1 K12, K22
0011 COMMON/PRIM/PRIME(S), IDEB, KKK
0012 REAL YPRIME(3),YY(3)
0013 REAL K10, K20, K11, KQ1, K12, K22
0014 - PI=ACOS(-1.)
0013 YPRIME(4) = EVAPM®YY(1)
00146 YPRIME(S) = DISSOM#YY(1)
0017 DLOSES = YPRIME(4)+YPRIME(S)
oo18 YPRIME(Q) = & O02#(((SIC/DENW)##2/VISW)##(1 /3. 1))
1 #{(YY(2)#=(1. /3. )) ‘
0019 SPM=SP ILMR-DLOSS—~DENO#HTN#YPRIME (2)
0020 IF(SPM. LE. 0. 0) @OTO 998
c .
oo1 YPRIME(1) = O. S#((PI#K1#%2 )#42 )#(((CR*CUEF)++2/VISW)
1 #% (1 /3. ))R(YY(3)w(4 /3. ))#(YY(L1)%%(1. /3.))
2 ~2. /3. #DLOSS/ (DENG*YY (3))
3 —2. /3. #(HTN/YY(J) ) *YPRIME(2)
4 + 2. /3. #SPILMR/ (DENO*YY(3))
c .
0022 YPRIME(3) = ~(YY(3)#YPRIME(1)+HTN#*YPRIME(2)+
1 DLOSS/DENO-SPILMR/DENG) /YY (1)
0023 998 DO 100 IID=1,3
C
C »% PRIME ARE VARIABLES USED IN "CHEKMS" ##
c
0024 PRIME(IID)=YPRIME(IID)
002S 100 CONTINUE
0026 999 RETURN
0027 END

¢-21
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c SUBROUTINE FCNA41

C SIMULTANEOUS EGQUATIONS FOR MODEL 4A
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC i,

THIS SUBROUTINE IS CALLED BY “RUNKUT" THROUGH "INTE". IT CUNT%
THE ORAVITY-VISCOUS SPREADING EQUATIONS FOR A CONTINUGUS SPILLE
A RIVER WITH CURRENT OR WIND. ;

OO0 O0

SUBROUTINE FCN41 (N, TIME, YY, YPRIME)
COMMON/CONSTAT/UC, VW, UTBAR, U0, UL, WT, ALPH, THETA1
COMMON/SPREAD/TII, ATK, HTX, ATN, HTN, HMIN, INDEX, IFLAG
COMMON/STYPE/SPILLM, SPILMR, TBPJLL, WS, STP, 6PM
COMMON/CHEMI /DENO, DCA, DCW, CS, CMW
COMMON/WATER/DENW, VISW, @R
COMMON/ENVOR/PY, VISA, DENA, TDC
COMMON/SIZE/R. D, WW, L1, L2, H, RO
COMMON/MLOSS/EVAPM, D1SSOM
COMMON/INTER/COEF, SICWA, SIC0A, SIQ0W. SI¢C
COMMON/CK/C10, C20,C11,C21, C12, €22, K10, K20, K11, K21,
1 K12, K22

COMMON/PRIM/PRIME(S), IDEB, KKK
REAL YPRIME(S), YY(3)
REAL K10, K0, K11, K21, K12, K22
YPRIME(4) = EVAPM#YY(1)
YPRIME(S) = DISSOM®YY(1)
DLOSS = YPRIME(4)+YPRIME(S)

15 SPILLW = WW

20 - YPRIME(2) = 2. 764 ( ((SIS*W/DENN) ##2/VISH ) ##(1. /3. ))
1 /71YY()en(1. /3. ))
SPMmSP [LMR~DLOSS-DENO#HTN#YPRIME(2)
IF(SPM. LE. 0. 0) €QTO 998

YPRIME(1) = 2 38#(CR2##(8. /3. ) )#( (CRMWH#COEF ) ##2// ISk ) #% (],
#(YY(S)®n(4 /3. ))/.YY(1) (1. /3.))
~-DLOSS/ (2. O#DENC#YY(3))
=0. S#(HTN/YY(3))»YPRIME(2)

+ SPILMR/ (2. O#DENO*YY (3))+ SPILLW # UTBAR

LW AN VIS

YPRIME(3) = —~(YY(J)#YPRIME(1)+HTHRYPRIME(2)+
DLOSS/DENG-SPILMR/DEND) /YY (L)

'

998 DO 100 11D=i1,5
c ## PRIME ARE VARIABLES USED IN “CHEKMS" #»#
PRIME(IID)=YPRIME(IID)

100 CONTINUE

999 RETURN
END

c-22
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| SUBROUTINE FCNA2
SIMULTANEOUS EQUATIONS FOR MUDEL 4B
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1
THIS SUBROUTINE IS CALLED BY "RUNKUT" THROUGH “INTE". IT CONT
THE EQUATIONS FOR CRAVITY-VISLOUS SPREADING OF A CONTINUGUS SP
IN OPEN WATER WITH A CURRENT OR WIND.

SUBROQUTINE FCN42 (N, T ME, YY, YPRIME)

COMMON/CONSTAT /UC, VW, UTBAR, UO, UL, WT, ALPH, THETAL

COMMON/SPREAD/TIL, AT, HTK. ATN, HTN, HMIN, INDEX, IFLAG

COMMON/STYPE/SPILLX. SFILMR, TBPILL, WS, STP, 8PM

COMMON/CHEMI /DENO. LCA. DCW, CS., CHMW

COMMON/WATER/DENW, VISW. GR

COMMON/ENVOR/PV, VISA, DENA, TDC

COMMON/SIZE/R, D, W, L1, L2, H, RO

COMMON/M_OSS/EVAPM, DISSCH

COMMON/ INTER/COEF, SIQWA, SIQC0A, SICOW, SI¢

COMMON/CAR/C10, C20. C11,C21, C12, C22, K10, K20, K11, K21,
K1ad, K22

COMMON/PRIM/PRIME (D), IDEB, KKK

REAL YPRIME(S3), YY(3)

REAL K10, K20, K11, K21, K12, K2

YPRIME(4) = EVAPMaYY (1)

YPRIME(S) = DISSOMeYY(1)

DLOSS = YPRIME(4)+YPRIME(S)

YPRIME(2) = 2. 06%(((S1G®(UTBAR®#2)/DENW)«#2/VISHI##(1. /7. ))
| #(YY(2)»%(3. /7. )) '

5PM = BPILHR:- DLOSS-DENO#*HTN#YPRIME ()
IF (SPM. LE. 0.0) €O TO 9%@
YPRIME(1) = (11. /8 )#(K22%#(B. /11, ))#(({QRe*COEF*(UTBAR®#2) ) auy
/VISKW)##(1 /11 ))#((SPM/ (2 O#DENQ))I*»(4 /11 ))
®(YY(1)#8(3 /11.))

YPRIME(J) = —(YY(3)#YPRIME(1)+HTNR#YPRIME(2)+
‘ DLOSS/DEND-SPILMR/DENGQ) /YY (1)

DO 100 IID=1,5

## PRIME ARZ VARIABLES USED IN “CHEKMS" »#
PRIME(IID)-YPRIME:IID)

CONTINUE

RETURN
END

€-23
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SUBROUTINE C©ROUND IS USED TO C
DETERMINE WHETHER THE SLICA HAS HIT C
THE BOUNDARY LINE(S) c
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THIS SUBROUTINE 1S CALLED BY "SPREAD": 1T DETERMINES 1F THE

SLICK HAS HIT THE COASTLINE. IF IT HAS HIT, IT RETURNS
IH=99

OTHERWISE, IT RETURNS

IH=0

SUBROUTINE CQROUND(IH)

COMMON/SIZE/R, D, WW, L1, L2, H, RO
COMMON/MOVE/UPEAK (10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
COMMON/CONTOUR/SHAPE, X(10), Y(10), XC, YC, IC, IW, ISP, X0, YO
COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, 5PM
COMMON/RUNGE/YY(5), C(24), W(%, 30)
COMMON/CONSTAT/UC, VW, UTBAR, U0, UL, WT, ALPH, THETAL

ISTP = STP

IH = O

PI = 3 141392

IF (STP.EG. 4. 2) @0 TO 7

## [F STP 18 NOT 4.2, ALL OPEN WATER SLICKS ARE CIRCULAR #+
## S0 COMPUTE RADIUS OF SLICK = RAD »

RAD = SGRT(YY(1)/P1)
G0 TO 9

#% IF STP IS 4.2, SLICK IS TRIANGULAR, SO COMPUTE WIDTH = RAD

RAD = YY(1)/(UTBAR#TIME)

XC = XLE

YC = YLE

IF (SHAPE. EG. 3. 2. OR. SHAPE. £G. 2. 3) @0 TO 10

€0 TO 100

R 2 S e S S e IR R Y YR T T S T R e R S e s e s T L S
FOR ARBITRARY LAKE OR COAST, COMPUTE DISTANCE FROM LEADING
EDGE (CONT. ) OR CENTER (INST.) OF SLICK T3 EACH BOUNDARY

POINT., AND DETERMINE IF RAD > THE DISTANCE. IF 50, SLICK

HAS HIT COAST
BRBRBRBIRBERRRRNRB BB BDBBRRBRRDBBRAR BB BIBRD TR 52 BB 828
DO 20 I=1, 10

X1 = (XC=X(I))#(XC=X{I))+(YC~-Y{I))n(YC-Y(]))

IF ((R##2). @T. Xx1) 0 TD 20

COTO 40 '

IH = 99

Q0 TO 999

IH = 0O

S0 TO 999

IDH = |

0 TO 2%
RERRSBBBRBERRRSRE BB BRI T2 TS D013 244035530103 T0 325 405 203028 T3040 3040 Y

FOR A STRAIGHT COAST, COMPUTE DISTANCE FROM LEADING EDCE (CONT.

€-24



o029
0030
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0032
0033
0034
0035
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0037

0038
0039
0040
0041
0042
0043
0044
Q045
00446
0047
0048
00459
0050
0051
o00o3%2
00353
0034
00s%
0036
0057
0058
0089
0040

0061
0062
0063
0264
0063

aoon

100
120

OOOO0ON

3]
oy
r

214

215

220

e N e NN EeNA)

999

OR CENTER (INST.) TO STRAIGHT LINE AND DETERMINE IF RAD > DISTAN

IF S0, SLICK HAS HIT CODAST.

P2 T TR 22 e ey ST 22 - r 22 2R AT S22 AR Aty YY)

IF (SHAPE.NE. 3.1) &0 TO 200

SS = (Y(2)=Y(1))/(X(2)=X(1))

X1 = (SS#(YC=Y(1))+X(1)#SS#5S~ £C)/(SS#SS+1. 0)

Y1 = (SS#(XC-X(1))+YCHSS##2+Y 1))/ (SS#42+1. 0)

SS = (XC-X1)#(XC-X1)+(YC-Y1)#{YC~Y1)

IF ((RAD##2). LE. SS) @0 TO 999

IH = 99

0 TO 999

IF (SHAPE. NE. 2. 2) €0 TO 300

[Ty s s A Y22 R 22 RS 222222 SR 2222 S 22222222 22 22 )

FOR A RECTANGULAR LAKE, CHECK DISTANCE FROM LEADING EDGE (CONT. )

OR CENTER (INST.) TO ALL 4 EDGES AND DEVERMINE IF RAD > DISTANCE.

IF S0, SLICK HAS HIT COAST.

FER TR ETELTLERRTELETLEEIYEERL LTSI 2SI S22 S L RS S S L2

DO 220 I=1,4

IF (1. EG. 4) G0 TO 214

IF (1. EQ.3) €0 TO 213

IF (1 EG. 2) ¢0 TO 212

X1uXC

Y1=0. O s

¢OTD 2159

X1=FLOAT(LY)

YisYC

€0TO 215

X1=XC

Yi=FLOAT(L2)

eOTD 215

X1=0 0

Yi=YC

SS = (XC-X1)#(XC=X1)+(YC-Y1)#(YC~-Y1)

IF ((RAD#+2) LE. SS) €0 TO 220

IH = 99 ‘

¢0 70 999

CONTINUE

IH = 0

e0 TO 999

CONT INUE

PET IR LY PR ETREFTELLELLEF YL EYFELSELELL LSS LSS AR SR X222 2222 S gt d

IF (RAD + OFFSET OF LEADING EDGE (CONT. ) DR CENTER (INST.) OF
SLICK FROM CENTER OF CIRCULAR LAKE) > RADIUS OF LAKE,

SLICK HAS HI™ THE CDAST.

P2 22T T TN F FWRR R SRS ST RS LSS LR SR L Sl Rl

X1 = RAD + SQGRT{(XC-XO0)#(XC=-X0)+(YC-YO)#(YC~YD))

IF (X* _E.R) GO0 TO 999

Ih =~ 99

RE URN

TND
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC.-(

c SUBROUTINE INIT c
¢ THIS SUBROUTINE MANIPULATES AND DETERMINES WHICH e
¢ SUBROUTINE SHOULD BE USED TO CALCULATE INITIAL CONDITION 4
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
¢ THIS SUBROUTINZ IS CALLED BY “SPREAD” IT CALLS ONE OF 4
c SUBROUTINZS TD COMPUTE EITHER THE END OF THE GRAVITY-INERTIAL
¢ PHASE OF SPREADING, OR, FOR A RIVER, THE TIME REGUIRED FOR THE
¢ SLICK TO SPREAD ALL THE WAY ACROSS THE RIVER WIDTH. IT WILL
¢ RETURN WITH
c
¢ # TII = INITIAL TIME FOR USE IN MAIN INTEQGRATION ROUTINE .OF
c GRAVITY-VISCOUS SPREADING i
< + ATK = INITIAL VALUE OF THICK SLICK AREA <
¢ #» ATN = INITIAL VALUE OF THIN SLICK AREA §
¢ # HTK = INITIAL VALUE OF THICK SLICK THICKNESS :
C 222222 LS 2R A RS S22 2 S Y Lt ‘

0001 . SUBROUTINE INIT o
(o

0002 . COMMON/STYPE/SPILLM, SPILMR, TSPILL. WS, STP, SPM
c

0003 10 IF (STP.EG. 1.2 OR.STP.EG. 2. 2) 60 TO 50

0004 IF (STP.EQ. 1.1 . OR. STP.EG. 2. 1) €0 TO 40

000% IF (STP .EG.4.2) 00 TO 30
c MUST BE MODEL 4. A (USE INITIAL 4.A)
¢ ## CONTINUOUS SPI.L IN RIVER, VELOCITY > O ##
C .

0006 20 CALL INIT4A

0007 IF (STP.EG.1.1) @0 TO 10

ooos ¢0 1O 99
c USE INITIAL 4.B :
¢ ## CONTINUGCUS SPILL IN OPEN WATER, VELOCITY > O ##
c ,

0009 30 CALL INITAB

0010 IF (STP.EG.1.2) @0 TO 10

0011 - @0 TO 99
c USE INITIAL 1.2 A
c 2% INSTANTANEQUS OR CONTINUDUS SPILL IN vasn IF CONTINUOUS, ™
c *+ VELOCITY = 0. . #
C .

0012 40 CALL INT12Aa

0013 G0 TO 99
c USE INITIAL 1.2.B ]
c »» INSTANTANEDUS OR CONTINUGUS SPILL IN OPEN WATER. IF CONTINUGO
c ## VELOCITY = O
c

0014 %0 CALL INT12B
C

Q013 99 RETURN P

Q0016 ’ END ’
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0001

0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014

0015

0016
0017

0018
0019
0020

0021

o022
0C23
0C2a
0025
0026

OOOONDOO0O00O0NO0

e NaNe]

- O000

(s NeNe)

110

112

SUBRQUTINE INT12A

E2 2222222222222 2222 2 2t Lt ad il ot as R il ot t]

» CALCULATE INITIAL CONDITIONS FOR MODELS 1A & 2A
* INSTANTANEDUS OR CONTINUOUS IN RIVER OR CHANNEL
* IF SPILL IS CONTINUQUS, UTBAR MUST BE ZERO

4
1
i

PRS2 222 S22 SIS ELS A 2 S SdlR a2 it Read 2ttt

THIS SUBROUTINE IS CALLED BY "INIT". IT CALCULATES THE INITIAL

CONDITIONS FOR INSTANTANEOUS OR CONTINUGUS SPILLS IN A CHANNEL.
FOR A CONTINUOUS SPILL, THE CURRENT AND WIND MUST BE ZEROD;
OTHERWISE, "INIT4A* WILL BE CALLED.

COMMON/STYPE/SPILLM, SPILMR, TEPILL, WS, STP, SPM
COMMON/CHEMI /DENQ, DCA. DCW, CS, CMW
COMMON/WATER/DENW, VISW, &R
COMMON/ENVOR /PV, V1ISA, DENA, TDC
COMMON/ INTER/COEF, SISWA, SIC0A, SIS0W, SI¢
COMMON/SPREAD/TI1, ATK, HTK, ATN, HTN, HMIN, INDEX, IFLAG
COMMON/SIZE/R, D, WW, L1, L2, H, RO
COMMON/RUNGE/YY (%), C(24), W(S, 30)
COMMON/MOVE /UPEAK (10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
COMMON/CONTOUR /SHAPE, X{10), Y{(10), XC, YC, IC, IW, ISP, X0, YO
COMMON/UAVE /UCX 1, UCY L, VWX1, VWY1
COMMON/PRIM/PRIME(S), IDEB, KKK
COMMON/SENSE/EVA(30, 10), DIS(40, 10), THK{(40, 10), TIN(40, 10),

PIP(40), TPT
COMMON/CK/C10, €20, C11, €21, C12, CR22, K10, K20, K11, K21,

K12, K22

COMMON/CONSTAT /UC, VW, UTBAR, UO, UL, WT, ALPH, THETAL
REAL K10, K20, K11, K21, K12, K22

## STP = | 1 (INST.) OR 2.1 (CONT.) FOR THIS SUBROUTINE (RIVERS)

I = gTP
PI=ACOS(-1.)
0 TO (201, 101) 1

--—— MODEL 2A 1S5 BEINQ@ USED =—-~—
#e% (CONTINUCQUS SPILL IN THE CHANNEL) w#ex

TIA = ((SPILMR/(DENW#LW) ) ##2/ (QRECOEF#VISWH# (3. /2. )) ) #e(2 /3. )
#((C21/C11)#»8. )

#% TIA = END OF QRAVITY-INERTIA SPREADING FOR A CONT. SPILL #«

IF (TIA GE. TSPILL) G0 TO 110

0 TO Q10

WRITE (1,112)

WRITE (&, 112)

FORMAT (1H1//1X,

BOMBBREH SRS R LD 55 95 52235303 3595 BRI R 2B 2R/

1X, ABHTHE SPILL TIME 1S SO SHORT THAT AN INSTANTANEDUS. /
1%, 31H SPILL WILL @IVE BETTER RESULTS)

c-27
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#+# SPILL IS SWITCHED TO INSTANTANEOUS WITH 2
## SPILLED MASS = DISCHARQE RATE + DISCHARQE TIME | e

(22 2R 2]

0027 STP = 1.1 ' .
0028 SPILLM = SPILMR # TSPILL : :

--=-= MODEL 1A IS BEING USED -~—
#» (INSTANTANEQOUS SPILL IN THE CHANNEL) #»

NN

0029 01 CONTINUE

0030 VO = SPILLM/DENO

0031 TIA=((VO/WW) ##4. /((VISW#3. ) #(GRECOEF) ##2. ) )#(1. /7. )#
s ((C20/C10) ##(24. /7. ))

## TIA = END OF GRAVITY-INERTIA SPREADING FOR AN INST. SPILL ##

NOOO

-
o]

0032 I = STP

0033 Q0 TO (R480,220) 1

—-===  CALCULATE TIB AND RIB BY USING MODEL 2B ——--~
(A 1S THE CURRENT MODEL)

B T o T T o e A T N e Y ]
FOR A CONTINUQUS SPILL, USE OPEN WATER MODEL TO COMPUTE TIME .
FOR SPILL TO SPREAD ACRUSS RIVER. FIRST, COMPUTE THE CONDITIGONS
AT END OF QGRAVITY-INERTIA PHASE FOR OPEN WATER.

L 2 R Ry e e S S e s e s L e e sl L L
0034 20 TIB = SQRT(SPILMR/ (GR#COEF #DENWRVISW) ) #( (K21/K11) %o ) J
## TIB = END OF QRAVITY-INERTIAL PHASE FOR A CONT. SPILL #*%
e IN UPEN WATER e

0O0ANOOA0ONOO

0033 : AIB = (((SPILMR/DENW)##5/(VISW#e34C0R#COEF) ) #20. 25) %
) s (PI#C21#92 #(C21/C20)4%%7.)
0036 RIB = SGRT (AlIB/P1)

## RIB = RADIUS OF GQRAVITY-INERTIA PHASE SLICK FOR CONT. =
. SPILL IN OPEN WATER haiid
0037 @0 TO k6O

-——= CALCULATE TIB AND RIB BY USINe@ MODEL 1B -——-

(1A IS THE CURRENT MODEL)
e SR R I S R N R R R R e e AR e S Y S g
FOR AN INSTANTANEOUS SPILL, USE OPEN WATER MODEL TO COMPUTE TIME
FOR SPILL TO SPREAD ACROSS RIVER. FIRST, COMPUTE THE CONDITIONS
AT END OF CRAVITY-INERTIA PHASE FOR OPEN WATER.
9004;09#&940{4'49§0§§'044¢4049;»#0&9{0*&40;&9;#444»fﬁi**{0«1&*;9
0038 TIB = (VO/(QR¥COEF#VISW))##(1. /3 )#{((KQ0/K10)#=4 )
0039 AIB = (VO#%(2. /3. )) # (GR#VO#COEF/(VISW##2))#s(1. /& )» 1

s (PI#KQ0##2 #(K20/K10) %82, ) :

0040 RIB = SQRT(AIB/3. 1413%93)

MOOCOOOOOO OO0

H
o]

#4 TIB = END OF QRAVITY~-INERTIA PHASE FOR INST. SPILL IN »*#
e DPEN WATER e
## RIB = RADIUS OF GQRAVITY-INERTIA PHASE SULICK FOR INST. #x#

QOO0
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0041
0042

0043

0044

0045

0046

0047

0048

0049
00350
0051

Q032

0033

0034

MO OO [eNeNel OO0OOOOOO0 OO0 NOO
o
(o]

OO0

OO0

263

RNOOO

e N el

e SPILL IN OPEN WATER 2 2]

CONTINUE
IF (RIB.LT. (WW/2 0)) @0 TO 400

La s 22 2 SR 2 e R R S e T R R S N R R L R A SR R R S
IF RIB < WW/2, THE SLICK WILL SPREAD SOME MORE AS AN OPEN

WATER SLICK, BUT NUMERICAL INTECGRATION IS REQUIRED.
22T T R R e S IR R S R NS S R R T IR S S AR Y

IF (TIB.CE. TIA) CO TO 280

LT R TR SRS RS AR AR AR AR AR I R LR SR Y
IF TIB > TIA, QOPEN-WATER SLICK HAS SPREAD ALL THE WAY ACROSS
RIVER, BUT NEED 7O REDUCE TIME SOME TO FIND ACTUAL TIME TO

SPREAD ACROSS RIVER.
L a2 S 2R 22 e e e S X R R R R e R e e s R S R i s

TII = TIA
## TIB < TIA, SO INITIAL TIME TII = TIA #&
G0 TO (261,262) T
USE MODEL 1A TO COMPUTE INITIAL AREA AND THICKNESS

ATK=Z. #CR0#((J20/C10)## (. /7. ) ) ((VO##E, #JWa22 Iun(1 /7. ) )%
((GR*COEF#VO/VISW#%2. )#%(1./7.))
HTK = VO/ATK

L e e s e o ST I FRE LIRSS IS 2SS R
ATK AND HTK ARE INSTANTANEDUS SPILL THICK SLICK AREA AND

THICKNESS AT TIME SLICK HAS SPREAD ACROSS RIVER.
a2 22 TR LR R T Y R I TR R e R eI R R R e R I L

IF(IC. GE. 2) QOTD 265

a2l A2 s s A 222 2 S R 2Rt 2ttt a sl sl s

XC = NEW SPILL CENTER LOCATION XC AFTER BEING TRANSPORTED
DOWNSTREAM (INSTANTANEQUS) :
BEERBBRBPRBBRB IR ARB RS BRBRERABRRBR BN R ERERRBRBRB R R LB RERRRRB LSRRI S

XC=X0 + (UCX1+0 OZ5#VWX1)#TIA

€aT0 270

XCmXO+(UO*TIA—(WT/ (2. #PI#TIA) ) #(COS(2. *PI#(TIA+ALPH) /WT)
~COS(R. #PI*ALPH/WT))+0. 033#VWX1)£TIA

@0 TO 270

USE MODEL 2A TO COMPUTE INITIAL AREA & THICKNESS
ATK = 2 #C21#((C21/C11)##7 ) #(WWs(SPILMR/ (WW#DENW) ) ##(3S /3. )/
(VISW (GR#*COEF)#%(1. /3. )))
HTK = (SPILMR#*TII-DENO#8. O#ATK#HTN) / (DENG#*ATK)

(22X ETT LTINS TAY SN PLLIZ LSS ELR TSNS SRR S S22 el a2l ol ds
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00353

00346
Q087
oosa
co%9

0061
0062

0063
0064
0065

0066
00&7
0068

0069
0070
0071

0072
0073
0074
007%
0074

0077

0078

00030000
(o]

280

OO0 0n 8000 o000
e

gh)
an

nNO
9
o

OO0

301

400

WGRRNR -

ATK AND MTW ARE CONTINUOUS SPILL THICK SLICK AREA AND THICKNESS -‘

AT TIME SLICK HAS SPREAD ACROSS RIVER.
T L E T L R 2 d T T

ATMN = 8. O®ATK
## ATN = THIN SLICK AREA #+#

0 TO 300

CONTINUE

TII = TIB # SQGRT(WW/ (2. O#RIB)) .
ATK = AIB#TII/TIB

## INITIAL TIME AND AREA WHEN RIB > WW/2 AND TIB > TIA. #+

€0 TO (281.282) 1
USE MODEL 1. A TO CALCULATE INITIAL THICKNESS(INSTANTANEOUS)

HTK = VO/ATK
@0 TO 2\°

USE MODEL 2. A TO CALCULATE INITIAL THICKNESS AND
CORRECT FOR MASS IN THIN SLICK(CONTINUQUS)

HTK = (SPILMR#TII-DENO#8. O#ATK#HTN) /(DENO®#ATK)
CONTINUVE
ATN = 8.0 # ATK

IF (I.EQ. 1) €0 TO 300
IF (TII.LT.TSPILL) QO TO 300
WRITE (1,112

VRBRBBRRBRBRRBESLRRB B RSB RE BB RRER BB BB RRRBERRRE DB RRERR B R R RS2
TIME REQUIRED TO SPREAD ACROSS RIVER > DISCHARQE TIME.

SWITCH TO AN INSTANTANEOUS MODEL AND START OVER .
LA s 22 2 2 a2 222 A2 L ey e R T A e e L e L e I L

STP = 1.1
SPILLM = SPILMR # TSPILL
Q0 TO 201

CONTINUE

TIIT = TII/&0.

WRITE (1,301) ATK, TIIT

WRITE (6,301) ATK, TIIT

FORMAT (/1H1/1X, g

SOHRRHREBRLRAL BN VDL ARRB SR BRBERARRB SRS REBSRBBHHRRBHRRRER FRRR RSN, Y

/71X, 3SHTHE THICK SLICK HAS SPREAD DOVER THE, ¥
15H CHANNEL WIDTH. /1X, 21HIT COVERS AN AREA OF .,
F13. 2. 2X, 13HSQUARE METERS, /1X, 1SHAFTER A TIME OF,
F15. 7, X, 7ZHMINUTES)

G0 TO &99

CONTINUE
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0079
0080
0081

oo8a2
0083

0084
008535

0086
0087
oos8
olo]- )
Q090
0091

0092
0093
0094

0093

0096
0097
0098
0099

0160

0101
0102

0103

0104

e RoNeNesNeNg]

OO0

OO0 BBOOO
-
o

OO0

eNsNe]

. €0 TO 405

YY(S) = 0.0

P22 SRR AT AR R R Y R Y R Ry e s S S L e e s
ROUTINE TO NUMERICALLY INTEGRATE OPEN WATER MODELS IN

CRAVITY-VISCOUS PHASE UNTIL SLICK SPREADS ACROSS RIVER
P L A S Y T T PR P S R Y R e SRR s e e E e T R ey

TII = TIB
ATK = AI3
S0 TO (401,402) 1

USE MODEL 1B TO CALCULATE INITIAL THICKNESS (INSTANTANEQUS)

HTK = VO/ATHK

USE MODEL 2B TO CALCULATE INITIAL THICKNESS
(CORRECT FOR MASS IN THIN SULICK) (CONTINUDUS)

HTK = (SPILMR#TII~DENO#8. O#ATK#HTN) / (DENO*ATK)
CONTINUE

TIME=TII
YY(1)=ATK
YY(2)=8. O0#ATK
YY (3)=HTK
YY(4) = 0.0

#* TEMPORARILY CHANGE TO OPEN WATER MODEL ##
IF (STP.EQG. 1. 1) STP=1.2
IF (STP.EQG. 2 1) STP=2. 2
CALL TRANSP
#+ INTEGRATE OVER ONE TIME STEP ##
CALL INTE(XEND)
## CHECK FOR EVAPORATION PROBLEMS »#
IF (IDEB. €G. 0) THEN
KKK=3
IF(STP. EQ. 1. 2) STP=1. 1
IF(STP. EQ. 2. 2) STP=2. 1
e0TO 699
ELSE
ENDIF
## CHECK TO SEE IF SLICK HAS SPREAD ACROSS RIVER ##

IF (SGRT(YY(1)/3. 141593). CGE. (WW/2.0)) @0 TO 420

#% SEE IF PRINTOUT TIME HAS OCCURRED #**

IV = TIME
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010%
0106
0107
o108
0109
0110
0111
o112

0113
o114

0118

0116
0117
o118
0119
0120
0121

0122
0123
0124
0125

0126
0127
0128
0129
0130
0131
0132
0133
0134
013s

0136
0137

420

(s Nelel

OOOMLO

424

OO0

442

699

L RARCWAN VI

‘## CHANGE BACK TO INSTANTANEOUS MODEL IN RIVER ##

IK = TPT.

HD = MOD(IJ, IK)

IF (MD . NE.O)  ¢Q TO 410
CALL MOVE

CALL PRINTO

0 TO 410

CONTINUE

TB=TIME

STP = 1.1
Q0 TO (442,422) I

IF (TB.QE. TSPILL) QO TO 424
## CHANGE BACK TO CONTINUOUS MODEL IN RIVER ##

8TP = 2.1
SPILLM=SPILMR#TB
0 TQ 442
CONTINUE

WRITE (1,112)
WRITE (6,112)

## IF TIME > DISCHARGE TIME, SWITCH TO INSTANTANEDUS MODEL #«

STP = 1.1
SPILI.M=SPILMR#TSPILL
S0 TO 201
CONTINVE

#% SET INITIAL TIME = TII @&

T1I = TB
ATK = YY(1)
ATN = YY(2Q)
HTK = YY(3)
TOTALM = YY(1)#YY(3)«#DENO
DMASS = SPILLM-TOTALM
TIIT = TI1/40.
WRITE (1, 444) ATK,. TIIT, DMASS
WRITE (&, 444) ATK, TII1T, DMASS
FOURMAT (1H1//71X,
EOHP 50955892020 BHH 8224 B2 D8 B3R5 BRI T5 B
/71X, J2HTHE THICK SLICK HAS SPREAD OVER . :
JRHCHANNEL WIDTH AND COVERS AN AREA/!X;BHOF +E12. 9,
2X, IFIHSQUARE METERS AFTER A TIME OF, E12. 3, 2X, 9H HINUTES /y
1X, 39HTHE MASS LOST FROM THE SLICK UP TO THIS.
8+ TIME IS, E£12. 3, 2X, 9K ILOCRAMS)

RETURN
END
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0001

0002
0003
0004
0003
0006
0007
0008

0009
0010
0011

0012
0013

0014
0015

0016
0017
0018
0019

0020

0021

oo

0023

DOOOOOOOOOO00

OO0

[sEeNeNeNeNeNy!

OO0

' MUST BE ZERO, OR ELSE "INITAB" WILL BE CALLED.

SUBROUTINE INT12B

La a2 22222 XTSRSl St sl Rl ettt eRts s

» INITIAL CONDITIONS FOR MODELS 1.B AND 2. B *
* SPILL IN OPEN WATER. IF SPILL IS *
- CONTINUQUS, CURRENT MUST BE ZERQ. *

A2 22222 RS 2222 s 2222l 2 2 2t R il slalllss

THIS SUBRGUTINE IS CALLED BY “INIT". IT CALCULATES THE
INITIAL CONDITIONS FOR INSTANTANEQOUS OR CONTINUOUS SPILLS
IN OPEN WATER. FOR A CONTINUOUS SPILL, THE CURRENT AND WIND

COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM
COMMON/CHEMI/DENQO, DCA, DCW, CS, CMW
COMMON/WATER/DENW, VISW, GR
COMMON/SPREAD/TII, ATK, HTK, ATN, HTN. HMIN, INDEX, IFLAG
COMMON/ENVOR/PV, VISA, DENA, TDC
COMMON/ INTER/CQOEF, SIQWA, SICOA, SICOW, S16
COMMON/SENSE/EVA (40, 10), DIS(40, 10), THK(40, 10), TIN(40, 10),
PIP(40), TPT
COMMON/CONTOUR/SHAPE, X{(10),Y(10), XC, YC, IC, IW, ISP, X0, YO
COMMON/UAVE/UCX 1, UCY1, VWX1, VWYL
COMMON/CK/C10, €20, C11,C21, C12, C22, K10, K20, K11, K21,

K12, K22
REAL KlO.K2O K11, K21, K12.K22
PI=ACOS(-1
#+ STP = 1.2 (INST.) OR 2.2 (COMT. ) —-— OPEN WATER %+
I = §TP

0 TO (10,110) I

——

FOR INSTANTANEOUS SPILL IN OPEN WATER

SPI = SPILLM

VO = SPI/DENO

TII = ((K20/K10)#%4 )#(VO/ (CR#COEF+VISW)) #+ (1. 0/3.0)

ATK = PI#(K0#2#2 )#((K20/K10)##2 )#(VO##(2. 0/3.0)) =
(QR*VO#COEF / (VISW#VISW) )##(1. 0/6. 0) S

HTK = VO/ATK

Lo 2 22 PSS 222 22T A ENE S ESAS S EL SRR LTEREE NSRS E L S S SRS S Sl S ot
TII = END OF GRAVITY-INERTIA PHASE
ATK, MTK = THICKX SLICK AREA AND THICKNESS AT END OF

CRAVITY~INERTIA PHASE y
LA A S TS 22t 2 P2 SRR 22 SRS R 2R YR s RSS2 R Rl sl s

XC=XO0+(UCX1+0. O35+vWX1)#TI1
YCmYQ+(UCY1+0. O35S#VWY1)#TI1

#5 XC, YC = NEW VALUES OF SICK CENTER LOCATION #*x

0 TO 149
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0024

00235
0024
o007
oox8

0029
0030
0031
0032

0033
0034

0033

0037
o038

0040

0041
0042

DO OO0

112

(s N e Ne!

120

- O0O0O000

139

WK -

FOR CONTINUOQUE SPILL

TII = ((K21/K11)##b, )#SART(SPILMR/ (GR¥COEF#DENW#VISW))

_ ## T11 = END OF QGRAVITY-IERTIA PHASE ##

IF (TII.LT.TSPILL) QO TO 120
WRITE (1,112)
WRITE (&4,112)

FORMAT (1H1//1X,
SO 24595 89080 85596 03005 3303 3005 3 23150038 53695 2150 33045 T SRR R RS, [

1X, 48HTHE SPILL TIME IS SO SHORT THAT AN INSTANTANEDUS, /
1X, 30HSPILL WILL QIVE EETTER RESULTS)

#» SINCE TII > DISCHARQE TIME. SWITCH TO INSTANTANEOUS MODEL #=

STP = 1.2

SPILLM = SPILMR * TSPILL

0 TO 10

ATK = (PI#K21##2 #(K21/K11)##7 )#((SPILMR/DENW)##3
/7(VISU##3. #QRe#CUEF)) #» 0. 29

HTK = (SPILMR#TII-DENG#8. O#ATK#HTN) / (DENO®*ATK)

ATN = 8. O#ATK

*# ATK, HTK = THICK SLICK AREA AND THICKNESS AT END OF »
» CRAVITY-INERTIA PHASE e
## ATN = THIN SLICK AREA AT END OF QRAVITY-INERTIA PHASE #+

CONTINUVE

RADIUS = SGRT(ATK/3. 141393)

TIIT = TII/60.

WRITE (1, 159) ATK,RADIUS, TIIT

WRITE 74,159) ATK, RADIUS. TI1IT

FORMAT (//1X,38HTHICK SLICK HAS SPREAD OVER A CIRCULAR,
8H AREA OF, E12. 5, 14HSQUARE METERS, /
1X, 17HWITH A RADIUS CF ,E12. 5, 6HMETERS,
16H AFTER THE FIRST,E12. 3, 7HMINUTES)

RETURN

END
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SUBROUTINE INIT4A
T Ty TR R S Ny PN T2 ST R TR SRS A AR S S 2R )

» CALCULATE INITIAL CONDITIONS FOR MODEL 4A
* CONTINUCUS IN A CHANNEL WITH A TRANSPORT VELOCITY
» OF UTBA

Y T e Ty |

THIS SUBROUTINE IS CALLED BY “INIT*. IT COMPUTES INITIAL
CONDITIONS FOR A CONTINUOUS SPILL IN A RIVER WiTH & CURRENT.

COMMON/SIZE/R, D, WW, L1, L2, H: RO
COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM
COMMON/WATER/DENW, VISW, OR
COMMON/CHEMI /DENQ, DCA, DCW, CS, CMW
COMMON/SPREAD/TII, ATK, HTK, ATN, HTN, HMIN, INDEX, IFLAG
COMMON/RUNGE/YY (3), C(24), W(S, 30) ‘
COMMON/CONSTAT/UC, VW, UTBAR, U0, UL, WT, ALPH. THETAL
COMMON/TRAVEL /WTK, Z ‘
COMMON/ INTER/COEF, SIGWA, SIC0A, SIQOW. SI¢ A
COMMON/SENSE/EVA (40, 10), DIS(40, 10), THK (40, 10), TIN(40, 10),
PIP(40), TPT
COMMON/MOVE/UPEAK (10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
COMMCN/PRIM/PRIME(S), IDEB, KKK
COMMON/CK/C10, C20,C11,C21,C12, CR2, K10, K0, K11, K21,
K12, K22 ‘ .
REAL K10, K20, K11, K21, K12, K22
TIB = ((KQR/K12)#w(l4 /7. ))#{(SPILMR/ (2. #*DENW) ) wn(4 /7 )/
((UTBAR*»(4 /7. ) )#(QR*COEF)##(2. /7. ) #(VISW##(3. /7.)))
ATKB = K2# ((KQ2/¥ i 2)#w#(33. /7. ) I #(SPILMR/ (2. #*DENW) ) ##(3 /7. )
/{(UTBAR#% (2. /7. })#(CR#COEF)## (1. /7. )#(VISH®%(5 /7. )))

## TIB = END OF SRAVITY-INERTIA PHASE »
% ATKB = THICK SLICK AREA AT END CF QRAVITY- 3
> INERTIA rPHASE ‘ -

IF (TIB.LT. TS/ ILL) €O TO SO -

WRITE (1,10)

WRITE (&, 1)

FORMAT (//1X,A4HSPILL TIME IS SO SHORT THAT AN INSTANTANEDUS,
/71X, 31HMADEL WILL QIVE BETTER RESULTS.)

l’o*&*’éi‘i’*i’&f’#éQ{fl*i0*0'4009"0‘#{9{{{00&!666’009‘0*§9QOQZ\
SINCE TIB > DISCHARGCE TIME, SWITCH TO AN INSTANTANECUS

SPILL (RETURN TO “INIT").
e 2 R e s S S R S LS Y Y Y e s P A R S SR RS e e e 2 S a RS

STP = 1.1
SPILLM = SPILMR # TSPILL
Q0 TO 299

#% WTK = WIDTH OF DOWNSTREAM END OF THICK SLICK #
WTK = 2 O®*ATKB/(UTBAR#TIB)

IF (WTK. CT. WW) 0 TO S5
¢0 70 100
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CTI1 = TIB#(WWH/WTK)

" ATN = 8.0 # ATK

4% ATN = INITIAL THIN SLICX AREA

 ttththiida et et g oL ST L RS Sl e e R S ST YRS S s Y R AT
SINCE WTK > RIVER WIDTH. TIME AND SLICK AREA NEED TO BE ‘
REDUCED ACCORDINGLY TO QET IJITIN. CUHDIYIONG.

ATK = ATAB#(TII/TIB)ee2

®s TI1 AND ATK ARE INITIAL CONDITIONS FOR TIME AND THICK #+
®+ SLICK AREA. . o

IF (TI1.QT. TSPILL) G0 TO 90
I = UTBARSTII
TIIT =TI1/60.
WRITE (1,60) ATK, TIIT,2Z
WRITE (6.60) ATK, TIIT.Z
FORMAT(//1X, 42RTHICK SLICK HAS SPREAD ACROSS THE CHANNEL ,
Q7MIDTH AND COVERS AN AREA OF, E1R2. 5/1%,
29HSQUARE METERS AFTER A TIME OF, E12 5, 2X, BHMINUTES. ,
/71X, 2SHTHE SLICK LEADING EDQE 1S,E12. 9, 2X,
18HMETERS DOWNSTREAM. )
HTK = (SPILMR®#T11-DENO#8. JeATKMH{TN) / (DENC#ATK )

#% HTK = INITIAL THICK SLICK THICKNESS CORRECTED FOR MASS s+
- IN THIN SLICK i *

Q0 10 299
CONT INUE
TIB = TII
50 TO 3

B a2 o 2 & s T Ty Ty e Y
SINCE SLICK WIDTH < RIVER WIDTH AT END OF QRAVITY-INERTIA
PHAEZ, USE INTEGRATION OF OPEN—WATER ORAV.TY-VISCOUS MODEL
TO CONTINUE UNTIL WIDTH = RIVER WIDTH.

TIl = TIE

ATK = ATKB

HTK = (SPILMR#*TII-DENG®*E. O®ATHAHTN) /5 'NO#8. O*ATK)
TIME = TI1I

YY(1) = ATK

YY(2) - 8.0 = ATK

YY(3) = HTK

## SWITCH TO OPEN-WATER MGDEL ==
STP = 4.2

CALL TRANSP
CALL INTE(XEND)
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#x CHECK FOR EVAPORATION TROUBLES #+

e
N 00%2 IF(IDEB. £Q. 0) THEN
NN 0033 KKK=3
o 0034 STP=4. 1
N 0053 e0Ta 299
0036 ELSE
o 0037 ENDIF
e ¢
L ¢ ## ONCE MORE, CHECK TO SEE IF TIME < DISCHARGE TIME &
l‘ -:. o C
[
. 0038 IF(TIME . QT. TSPILL) ©OTO 5 .
iu 0099 IF ((2. 0#YY(1)/(UTBAR#TIME)). QT. WW) 00 TO 110
- [ ¢
$\e c #% 90 TO 110 WrEN WIDTH > RIVER WIDTH ##
o ¢
I 0060 10 = TIME
' 0061 IK = TPT
i~ 0062 MD = MOD(IJ, IK)
> 0063 IF (MD.NE. O) GO TO 109
H 0064 : CALL MOVE
A 0065 CALL PRINTO

3
&

NN 00 TO 108

R 0067 10 STP = 4.3

o

ta; BIPPRBVDRNSHBBBVBDRBRBOBRDE G RPN & 223 AT 28 23578 20 540 6 26 o 4o S M

RETURN WITH INITIAL CONDITIONS TII = TIME, ATWK = THICK SLICH
AREA, ATN=THIN SLICK AREA, AND ATKR = THICK
[Ty T T Y Y Y Y R R R L R e R L L L L R R A

OO0 -

oy 0068 TI! = TIME
.l 0069 ATR = YY(1)
- 0070 ATN @ YY(2)
; 0071 HTK @ YY(3)
0072 TOTALM = YY(1)eYY{3)eDENO
o 0073 ‘ SPILLM=SPILMR & TIME
N 0074 DMASS = SPILLM - TOTALM
o 0079 TIIT = T11/80.
e 0076 I = UTBAR » TI!
~ 0077 WRITE (1,120) ATK, TI1T, 2, DMASS
] 0078 WAITE (4, 120) ATK, TIIT, 1, DHASS
< 0079 120 FORMAT(//1X, 41KTHICK SLICK HAS SPREAD ACROGS THE CHANNIIL,
o 1 28H WIDTH AND COVERS AN AREA OF, /1X,E12 % ‘
N 2  14HSQUARE METERS. , /1X, 1&HAFTER A TINE OF ,E12 35, GRRINUTESG. , /,
S 3 23HTHE SLICK LEADING EDGE IS.E12 9,
S 4 1BHMETERS DOWNSTREAM /1X,
N S  ATHTHE MASS LOST FROM THE SLICK UP TO THIS TIME 1,
P & E12 9% 10MKILOGRAMS.
- 0080 299 RETURN
~ cost END
<
e
~
»
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SUBROUTINE INITAB
R R T e S R YRR S 2 2 T PRI A AR A 2 2

» CALCULATE INITIAL CONDITIONS FOR MODEL 4B
» CONTINUOUS SFPILL IN OPEN WATER WITH A CURRENT
- © SPEED (TRANSPORT VELOCITY) OF UTBAR

’ LA 2 LSl 2T 2 Rt oot an sl s ool ad ot ot il sl

THIS SUBROUTINE 18 CALLED BY "INIT™. 1IT COMPUTES THE INITIAL
CONDITIONS FOR A CONTINOUS SPILL IN OPEN WATER WITH A CURRENT.

COMMON/SIZE/R, D, W, L1, L2, H. RO
COMMON/STYPE/SPILLM, SPILMR. TSPILL. WS, STP, 8PM
COMMON/WATER/DENW, VISHW, GR
COMMON/CHEMI /DENGC, DCA, DCW, CS, CMW
COMMON/SPREAD/T11. ATK, HTK., ATN, HTN, HMIN, INDEX, IFLAQ
COMMON/CONSTAT /UC, VW, UTBAR, U0, UL, WT, ALPH, THETA1
COMMON/ TRAVEL /WTK, Z
COMMON/ INTER/COEF, S10WA, SIGOA, SIQ0W, SI10
COMMON/MOVE /UPEAK (10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
COMMON/TRANSIT/UX (10, 10}, UY(10, 10), VWX {10),

VWY (10), THETA(10), TI1(10), ID, IT, IV,

. XU(10), YUC10), TT(10)
COMMON/CONTOUR /SHAPE, X(10), Y(10), XC: YC, IC. IW, ISP, X0, YO
COMMON/CK/C10. C20, €11, €21, C12, C22, K10, K20, K11, K21,

K12, K22
REAL K10, K20, K11, K21, K12, K22
M=1SP ‘

TII = ((K2Q/K1Z)ee(24. /7. ))#((SPILMR/ (2. «DENW) ) ##(4, /7. ))/
((UTBAR®® (4. /7. ))#( (QRECOEF)#e(2. /7. ))»
(VISWee(3. /7.)))

4% TI1 = END OF QRAVITY=INERTIA PHABSE #e
IF (TII.QE. TSPILL) GO TO 30
IF TI1 > DISCHARGE TIME, SWITCH TO AN INSTANTANECOUS MODEL w#

ATR = K22e((KQ2/K12)90(33. /7. )1e(SPILMR/ (2. SDENW))##(9. /7 )
/U(UTBAR®# (2, /7. ))#(QReCOEF)®a (1. /7. )#(VISH®%(3, /7 )))

HTK & (SPILMReTII-DENC#E. CeATROHTN) / (DENO®ATK)

ATN = 8.0 » ATK

WTK = 2.0 # ATK/(UTBARSTII)

PBBRBSCRRBSRIHRIIDRFVVSVRICVIVERIDDERBADSBAL BRI RNBBRBBIRBRHSRA
ATK = INITIAL THICK SLICK AREA

HTK = INITIAL THICK SLICK THICKNESS

ATN = INITIAL THIN SLICK- AREA

WTK = INITIAL THICK SLICK DOWNSTREAM WIDTH
PPRVNPINBBRNNNBOCAAIN VG AV EBCI RIS ERERREBRBLRVRBBERNBRBERRR B RO RN

BPBBNPRNABVP RN G NN S ISRV B REGRER ARG RRNB AR RBBA RN B AL ARBSRRGRBLRGRRY
XLE AND YLE ARE DOWNSTREAM COORDINATES OF ILEADINQ EDGE
WITH RESPECY TO CURRENT DIRECTION.

BEBBDPRBBRBPRBBRLGBBBGHBRRPPRDRVBRVBRBBLBRRARPBRBERBRRLBRERRRBRN

c-38
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, vo22 Z = UTBAR#TII
- 0023 XLE = XC + (UX(M, 1)+0. 035#VWX(1))#TII
v - 0024 YLE = YC + (UY(M, 1)+0. O35#VWY(1))#TI1
Lo 0023 4 TIIT = TI11/60.
’ 0026 WRITE (1,20) ATK, TIIT, WTK,Z
0c27 WRITE (6.20) ATA, TIIT, WTK, 2
0028 20 © FORMAT(//1X, 81HTHICK SLICK HAS SPREAD OVER AN ELONGATED ,
gl 1 19HMTRIANGULAR AREA OF ,E12. 5,/
4 2 1X, 29HSQUARE METERS AFTER A TIME OF, E12. 5, BHMINUTES. , /
= 3  1X,31HTHE THICK SLICK LEADING EDGE 1S,E12. 5, 2X,
) 4 1BHMETERS WIDE AND IS, E12. 5, 2X, 7HMETERS /
RS 31X, 11HDOWNSTREAM. )
o 0029 WRITE (1,22) ATN
Hﬂ 0030 22 FORMAT (/1X, 31HTHE THIN SLICK AREA 1S5 EQUAL TO,E12. 5,
- 11X, 14HSQUARE METERS. °
) €031 TEMP1 = DENC#(ATK&HTH-ATN#HTN)
N, 0032 - TEMP2 = SPILMR#TII
0% 0033 €0 70 99
o 0034 50 WRITE (1,52)
e 0033 WRITE (&, 52)
@a 0034 s2 FORMAT(//1X, 484SPILL TIME IS SO SHORT THAT AN INSTANTANEDUS )

/71X, 31HMODEL HILL @IVE BETTER RESULTS.)

-
a a
[

wu ¢

ol c 2% MAKE SWITCH TO INSTANTANEOUS MCODEL ##
'.'.._'. Cc

e 0037 STP = 1.2

! 0038 SPILLM = SPILMR # TSPILL
u 0039 99 RETURN

gl 0040 END
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c SUBROUTINE INTE (XEND)
c SUBROUTINE TO SOLVE SIMULTANEDUS 1ST ORDER DIFFERENTIAL
c EQUATIONS BY USING RUNGE-KUTTA METHOD

[t elol el fe{ ol of o] oS ol ofof S of of o of of o] of o o] S} of oY of o of of o} ] f o s e of Y o { of { L Sl o { S o { o{ o A o ] Y o} ol of o o o] o o o o o o4

THIS SUBROUTINE IS CALLED BY "SPREAD" AND THE INITIAL CONDITIO
SUBRQUTINES "INT12A" AND “INIT4A". 1T SENDS THE AFPPROPRIATE
CRAVITY-VISCOUS MODEL EQUATIONS TO A RUNGE-KUTTA INTECRATION
ROUTINE "RUNKUT" TO COMPUTE THE THICK SLICK AREA AND OTHER
VARIABLES AS A FUNCTION. OF TIME. AFTER EACH PASS, ‘TIME’ IS
INCREMENTED BY ‘DELT’. THE "FCN* SBROUTINES IN THE "RUNKUT"
CALL ARE THE EGUATIONS OF THE CGRAVIVY-VISCOUS MODELS. THE
MATRIX ‘YY’ IN THE CALL IS:

“#% YY(]1) = THICK SLICK AREA, SG. M

## YY(Q) = THIN SLICK AREA, SG. M

## YY(3) = THICK SLICK THICKNESS,. M

THE MATRIX ‘YPRIME’ IN THE "FCN* SUBROUTINES IS:
*# YPRIME(1) = D(YY(1))/DT
#% YPRIME(2) = D(YY{(2))/DT
## YPRIME(3) = D(YY{(3))/DT
*# YPRIME(4) = RATE OF EVAPORATION L0OSS, K@/SEC
#» YPRIME(S) = RATE OF DISSOLUTION LOSS, KG/SEC

QOO0 HOOOHODOOOOO0ODOCO0

SUBROUTINE INTE(XEND)

COMMON/RUNGE/YY(3), C(24), W(S, 30)
COMMON/MOVE/UPEAK (10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
‘COMMON/MASS/TOTALE, TOTALD, TOTALM, DMASS .
COHMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM
COMMON/CONTOUR /SHAPE, X(10), Y(10), XC, YC, IC, IW, ISP, X0. YO
COMMON/MLOES/EVAPM, DISSOM

COMMON/CHEMI /DENQG, DCA, DCW, CS, CM%
COMMON/PRIM/PRIME(S), IDEB, KKK
COMMON/CK/C10, C20,C11, €21, C12, €2, K10, KQO, K11, K21,

1 K12, K22
COMMON/SPREAD/TII, ATK, HTK, ATN, HTN, HMIN, INDEX. IFLAC
REAL K10, K20, K11, K21, K12, K22
EXTERNAL FCN11, FCN12, FCN21, FCNQ2, FCN4L. FCNAQ

¢

¢

¢ -=—== CALL SUBROUTINE TO CALCULATE EVAPORATION LOSS -——--
CALL EVAP

[ CALL SUBROUTINE TO CALCULATE DISSOLUTION LOSS -———--
CALL DISS

10 CONTINUE

c
Nms
NW = 3
IND = 1
TOL = 1. E-7

c

XEND = TIME + DELT
¢ ~=—- MODEL 1. A =———--
IF (STP.NE.1.1) GO TO 20

C-40
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¢ ~——— MODEL 1. A —~——=
R 0023 CALL RUNKUT(N, FCN11, TIME, YY, XEND, TOL, IND, C, NW, W, IER)
SR 0024 €0 TO 99 }
o . 0025 20 IF (STP.NE. 1.2) GO TO 30
e o v ~~—~— '‘MODEL 1.B ~-——-—
L 0026 CALL RUNKUT (N, FCN12, TIME, YY, XEND, TOL, IND. C, NW, W, IER)
N 0027 €0 TO 959 :
Eﬁ 0028 30 IF (STP.NE.2..1) GO TO 40
a2 o ———— MODEL 2. A =———
e 0029 CALL RUNKUT(N, FCN21, TIME, YY, XEND, TOL, IND, C, NW, W, IER)
A 0030 €0 TO 99 {
r 0031 40 IF (STP.NE. 2.2) 60 TO 70
K c ———~ MODEL 2. B ——==-
AN 0032 CALL RUNKUT (N, FCN22, TIME, YY, XEND, TOL, IND, C, NW, W, IER)
. 0033 . 60 TO 99 |
. 0034 70 IF (STP.NE.4.1) 30 TO 80
o c ~-—-MODEL 4. A ———-
~ 0035 CAlLL RUNKUT (N, FCN41, TIME, YY, XEND, TOL, IND, C, NW, W, IER)
N 0036 ¢0 TO 99
e 0037 80 CONTINUE ‘
S c ~-—=-— MODEL 4.B -——-
,g 0038 CALL RUNKUT (N, FCN42, TIME, YY, XEND, TOL, IMD, C, NW, W, IER)
T 0039 99 CONT INUE :
N~ 0040 TOTALE = YY(4)
", 0041 TOTALD = YY(S5)
AT 0042 TOTALM = DENC#YY(1)#YY(3)
- 0043 ISTP = STP
S 0044 110 CONTINUE
E . 0045 CALL CHEKMS
- 0044 1F{IDEB. GT. 1)COTD 999
Ry C ‘
'-"_“: C ‘{5"9’{l{-liGi{l’*QQQ!QQQ"**iiQ{l{*0QQ{OQQQ*Q{*{{QQ*{{!&Q!i****
ﬁi o IF IDEB = O, ‘TCHECK' IS MADE LESS THAN ‘TIME’. OTHERWISE,
AN c *TCHECK ’ REMAINS EQUAL TO ‘TSTOP’ AS SPECIFIED IN "DMODEL"
.(\_ C BRBRBBBBRBRBRPXREBRBRBBRRERNLRSERBRNBRRTRERBN RSN RREE BRSNS
UH c
e 0047 111 TCHECK = TIME - DELT
A 0048 999 CONTINUE
- 0049 RETURN
I 0050 END
0’\
'(‘l
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SUBROUTINE MOVE <
TRACKING THE MOVEMENT OF THE SLICK ¢

CCCCCCLECCCCCCCCCCEeCCeCCeCCCCtCCCCeCeCCCtCCCCCCCCCCCCCCCCCCCCCCeceeecet

THIS SUBROUTINE 1S CALLED BY "SPREAD" AND THE INITIAL CONDITION
SUBROUTINES "“INIT4A" AND "INT12A". IT COMPUTES THE MOVEMENT

OF THE SLICK FOR EACH TIME STEP. THE TRANSPORT VELOCITIES ARE
COMPUTED IN SUBROUTINE "TRANSP*®.

SUBROUTINE MOVE

COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM

COMMON/MOVE /UPEAK (10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
COMMON/CONTOUR /SHAPE, X(10), Y(10). XC, YC, IC, IW, ISP, X0, YO a
COMMON/TRANSIT/UX (10, 10),UY(10, 10), VWX (10), .

YWY (10), THETA(10), TI(10), ID, IT, IV,

XU(10), Yu(10), TT(1O)
COMMON/CONSTAT /UC, VW, UTBAR. UQ. U1, WT, ALPH, THETAL
COMMON/CURRENT /UBAR (10), DMOVE, UTOT, UTX, UTY, UREL
1 = STP
J = SHAPE
TBEF = TIME-DELT
ICl = IC + 1
IWl = W +1 .

IF{1.eT. 1) Q@0 TO 200

INSTANTANEDUS SPILL
(THE WHOLE SLICK IS FREE TO mMQve)

IF (J.LT. 2) ¢0 TO 100
1223 MOVEMENT MODEL M. 1.0 "
(IN QPEN WATER)
DMOVE=1. O
XC = XC + UTX#DELT
YC = YC + UTYS#DELT
0 TO 999

»ae MOVEMENT MODEL M. 1.1 bl
(IN OPEN WATER AFTER THE SPILL STOPPED)

»on MOVEMENT MODEL M. 2 *nn
(IN RIVERS OR CHANNELS)

DMOVE = 2. 0
XC = XC + UTOT#DELT
QQ TO 999

CONTINUQUS SPILL
(THE SLICK MUST STAY ATTACHED TO THE SPILL CRIGIN)

- -

€-42
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0022 200 CONT INVE
0023 - IF (J.GT. 1) €0 TO 400
0024 ' IF (IC.GT. 1. AND. IW. GT. 1) G0 TO 250
. ¢ #ax  MOVEMENT MODEL M. 3. A  ###
¢ 1. IN RIVER OR CHANNEL
¢ : 2. UC AND VW DO NOT VARY WITH TIME
0025 DMOVE = 3. 10
0026 . XLE = UTOT#TIME
0027 XTE = 0.0
0028 ¢0 TO 999
0029  2%0 CONT INUE
c
: ‘ 0030 280  IF (UBAR(1). LT. (0. 3*UPEAK(1))) €0 TO 300
-. ¢
; . ¢ #xs  MOVEMENT MODEL M. 3 (B. 1)  #%%
g c 1. IN RIVER OR CHANNEL
. c 2. UBAR .GQE. (0. 3#UPEAK)
. c
: C P EETFELEELTLEETIELESLTELEI 2SS SRR ARSI RS RS RS RS R RS kS 2
c WHEN UBAR > O 3 » UPEAK, TIME VARIATION IS NEGLECTED AND
l c AVERAGE TRANSPORT VELOCITY 1S USED TO COMPUTE MOVEMENT
) ¢ DUE TO CURRENT. CORRECTION FOR APPARENT MOVEMENT DUE TO
: ¢ SPREADING IS MADE IN “PRINTO".
N C ’*‘**I*i{””****‘}”Q‘QQ****'QQ*”***‘**i*i*’****.********f*‘*{
' c
' 0031 DMOVE = 3. 21
[ - 0032 XLE = (UBAR(1) + O. O35#VW#COS(THETAL))*TIME
0033 XTE = 0.0
{ 0034 GO TO 999
; c
X c #xx  MOVEMENT MODEL M. 3 (B.2)  ##%
. c 1. IN RIVER OR CHANNEL
: ¢ 2. UBAR .LT. (0. 3#UPEAK)
c
! C ’**”i*”Q"***QQQQé{’*’Q’QQQQQ*{*Q**”**‘**ﬁ****#*”!f’“*’f{***
: ¢ WHEN UBAR < 0.3 # UPEAK, TIME VARYING ‘UTDT’ IS USED TO
: ¢ COMPUTE INCREMENTAL MOTION OF LEADING EDGE DUE TO CURRENT.
: c CORRECTION FOR APPARENT MOVEMENT DUE TO SFREADING IS MADE
§ ¢ IN "PRINTO"
5 C LT 2 EFLFTFETETITTELTTE LT FELLELEELSEL P TS LE LS L 2 R 2 2 0 2002 1 2 Aokt
i ¢
! 0033 360 CONT INUE
! 0036 DMOVE = 3. 22
X 0037 XLE = XLE + UTOTeDELT
‘ 0038 G0 TO 999
‘ c
: ¢ »e+ OPEN WATER, CONTINUOUS SPILL #+=
' c
! 0039 400 IF (IC.LE. 2 AND. IW LE. 1} @O TO 4%5%
- 0040 G0 TO =00
j c w*%  MOVEMENT MODEL M. 4 A  %e#
. c 1. IN OPEN WATER
' c 2. UC AND V¥ DO NOT VARY WITH TIME
0041 453 DMOVE = 4. 10
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ﬁ_ 0042 470 XLE = XLE + UTX#DELT
o 0043 YLE = YLE + UTY#DELT
R 0044 ¢0 TO 999
Mg 0045 s00 CONT INUVE
35 0046 IF (IW.4T. 1) GO TO %05
R 0047 Wl = VWX(1)
n 0048 e W2 = VWY(1)
- 0049 €0 TO 330
N c
25 ¢ ## SINCE WIND = F(TIME), . INTERPOLATE TO FIND WIND SPEED AT ##
i c ## CORRECT TIME. , ‘ i
iy c , :
v 0030 505 CONTINUE
0051 DO 510 I = 1,10
oy 0082 IF (TBEF. LE. TT(1)) 60 TO 520
Y] 0033 510 CONTINUE
-~ 0054 s20 u1 = VWX (I=1)+ (VWX (I)=VWX(I=1))#(TBEF-TT(1-1))/
o 1 (T =TT(I-1))
o 0035 W2 = VWY (I-1)+(VWY(I)-VWY (1= 1))*(795:—77(1 1))/

L)

[
[

(TT(ID)=-TT(I-1))

" ¢

< c #% W1 AND W2 ARE INTERPOLATED WIND SPEEDS IN X AND Y DIRECTION
< ¢

I 0056 $30 CONT INUVE
N 0os7 IF (IC.EQ.1.0R. IC.EQ.3) ISP = 1

4 c
i c ## IF CURRENT IS NOT F(SPACE), BOX OR SLICE LOCATION = 1 ##
C .

o 0058 IF (STP.LE. 2.2) G0 TO 600
: c
'.é C s#s  MOVEMENT MODEL M. 4 (B. 1)  wwe
2 c 1. IN OPEN WATER
N c 2. UT(I) .QE. UPEAK(I)
O c 1 IS THE REGION NO. WHERE THE LEADING
| ¢ EDGE WAS. ......
N 0039 DMOVE = 4 21
N 0040 . XLE = XLE + UTX#DELT

o 0061 YLE = YLE + UTY#DELT
o 0062 ‘ 0 TO 999

. c wux  MOVEMEMT MODEL M. 4 (B.2)  #w»

2 o 1. IN OPEN WATER
] c 2. UT(I) .LT. UPEAK(I)
i c 3. THE SLICK IS CIRCULAR
v ¢ 4. SPREADING MODEL 2. B WAS USED AND UBAR = O.
N 0063 4600 CONTINUE
- 0064 DMOVE = 4 22
N 0065 XLE = XLE+UTX#DELT
3 0066 YLE = YLE+UTY#DELT
A 0067 UO = UTX/SQRT(UTX#42 +UTY##2.)

B 0068 Ul = UTY/SQRT(UTX##2 +UTY##2. )

o 0069 999 RETURN

N 0070 END
i
T
-
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SUBRQUTINE PRINTO c

cceceecceceeeceecceeeeececeecceeccecceeeccececcececcececccccecececceeccceccec

OO0

OO0 00000

THIS SUBROUTINE IS CALLED BY “SPREAD" AND BY INITIAL CONDITION
SUBROUTINES "INT12A" AND “"INIT4A". IT USES DATA FROM “"MOVE™
AND MAKES SOME CORRECTIONS. IT ORGANIZES AND PRINTS OUT RESULT!

SUBROUTINE PRINTOD
COMMON/SIZE/R, D, WW, L1, L2, H, RO
COMMON/CHEMI /DENO, DCA, DTW, CS, CMUW ) .
COMMON/WATER/DENW, VISHW, @R
COMMON/ENVOR/PV, VISA, DENA, TDC
COMMON/ INTER/COEF, Si6kA, SIC0A, SIGOW, SI6
COMMON/CONSTAT/UC, VW, UTBAR, U0, U1, WT, ALPH, THETAL
COMMON/MLOSS/EVAPM, DISSOM
COMMON/MOVE/UPEAK (10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK
COMMON/CONTCUR/SHAPE, X{10), Y{10), XC, YC, IC, IW, IEP, X0, YO
COMMON/TRANSIT/UX (10, 10),UY(10, 10), VWX (10),

VWY (10), THETA(10), TI1(10), ID, IT, IV,

AU(10), YUC10), TT(10)
COMMON/ID/IC1, ID2, 1D3
COMMON/RUNGE/YY(5), C(24), W{(S, 30)
COMMON/MASS/TOTALE, TOTALD, TOTALM. DMASS
COMMON/SPREAD/TII, ATK, HTK, ATN, HTN. HMIN, INDEX, IFLAG
COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, 5TP, SPM
COMMON/CURRENT/UBAR (10), DMOVE, UTOT, UTX, UTY, UREL
COMMON/SENSE/EVA(40, 107, DIS{40, 10), THK{40, 10), TIN(40, 10),
PIP(40), TPT
REAL LTH

I = TP

ITEMP = TIME / &0.

TEMP = FLOAT (ITEMP)

DIFFT = TIME - TEMP % &0.

TMASS = DENO®*HTNaYY (Z)

IF{I.EQ. 1) TMASS=0.0

TOTS = THASS + TOTALM + TOTALD + TOTALE
DECI = STP-FLOAT(I)

IF (DECI.LT. 0. 1999) &0 TO 100
IF(I.EG. 4) @0 70O SO

SPREADING MODELS 1.B, 2.B
(18 = INSTANTANEQUS SPILL IN OPEN WATER;
23 = CONTINUQUS SPILL IN OPEN WATER WITH NO CURRENT)
o ALL SLICKXS ARE CIRCULAR #%

e Ry e S R TR Y e RN R R R e S e R L SR S L
THE NEXT 3 BLOCKS PRINT OUT DATA ON SLICK ARES, THICKNESS,

MASS, EVAPORATED MASS, AND OTHER NON-MOVEMENT PARAMETERS
Ry R Y e e Y T e e S e e s R S RS S R R R S R R R RS el

RADI = SQRT(YY(1)/3. 14139)
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0031 RAD2 = SGRT((YY(1)+YY(2))/3. 14159)

0032 WRITE (1,5) TEMP., DIFFT,YY(1),YY(3),RAD1

0033 WRITE (6,5) TEMP, DIFFT.YY{(1),YY(3),RADI}

0034, S FORMAT(////2X, 7HTIME = , F1C. 2, 8H MINUTES, 2X,F7. 3, 8H SECONDS/9X,

1 1BHTHICK SLICK AREA =,E12. 5,4H SQG. M., 2X,
2 RQIHTHICK SLICK THICKNESS =,E£12. 5, 7H METERS/9X,
3 20MTHICK SLICK RADIUS =,E12. 5, 7H METERS)

0035 IF(I.EGQ. 1) @QTO 9
0036 WRITE (1,6) YY(2),RADR
0037 WRITE (6, 6) YY(2),RAD2

0038 -3 "FORMAT (99X
: 18HTHIN SLICK AREA =, E12. 5, SHSQ. M., /9X,
20HTHIN SLICK RADIUS =, E12. 5, 6HMETERS)

0039 9 WRITE (1,7) TOTALM, TOTALE, EVAPM, TOTALD, DISSOM
0040 WRITE (&,7) TOTALM., TOTALE, EVAPM, TOTALD., DISSOM
0041 7 FORMAT(/9X, 27HTOTAL MASS OF THICK SLICK =, E12. 5, 4H KG. /9X,
4 2 27HTOTAL EVAPORATED MASS =, E12. 5, 4H Ke., /59X,
3 27HRATE OF EVAPORATION =, E12. 5, 15H K&/ (SEC-SQ. M. ), /9X.
4 27HTOTAL DISSOLVED MASS =, E12. 5, 4H KG., /9X,
3 27HRATE OF DISSOLUTION =, E12. 95, 154 K&/ (SEC~5G. M. ))
0042 IF(1.EQ. 1) ¢QTO 10 .
0043 WRITE(1, 8)TMASS
0044 ' WRITE(6, B)TMASS - : :
0049 8 FORMAT (9X, 27HTOTAL MASS OF THIN SLICK = E12. 5 4H Ke. )
0044 10 WRITE(1, 20)TOTS ‘ ‘
0047 20 FORMAT(//9X, 27HTOTAL MASS =, E£12. % 4H KG.)
0048 WRITE(6, 20)TOTS
0049 ¢0 TO 30C
c
c .
< SPREADING MODEL 4.8
c (CONTINUOUS SPILL IN OPEN WATER WITH CURRENT)
¢ »e ELONGATED . SLICK -
c
' c
0050 s0 CONTINUE
0051 XW = 2 0#YY(1)/(UTBAR®TIME)
0092 : " XW1 = YY(2)#2. O/(UTBAR#TIME)
0033 WRITE (1,%%) TEMP, DIFFT, YY(1),YY(3), XW
0054 WRITE (4, %%) TEMP,DIFFT.YY(1),YY(3), XW
0055 WRITE (1.%7) YY(2), XW1
00%6 WRITE (4, 57) YY(R), XW1
0057 S5  FORMAT(////2%, 7HTIME = ,F10. 2, 84 MINUTES, 2X,F7. 3, 8H seco~05/9x.

18HTHICK SLICK AREA =,E12. 5, 46H SO. M., 2X,

<3HTHICK SLICK THICKNESS =, E12. 5, 7H HETERS/?X.
J0HTHICK SLICK DOWNSTREAM WIDTH =, E12. 5, 1X, 6HMETERS)
0L Sy 57 FORMAT (9X,

[AR VR

1 18HTHIN SLICK AREA =, E12 5, 6H 3Q M. /9X,
2 JOHTHIN SLICK DOWNSTREAM WIDTH =, E12. S5, 1X, 4HMETERS)
0059 WRITE (1,7) TOTALM, TOTALE, EVAPM, TOTALD, DISSOM
0060 WRITE (&.7) TOTALM, TOTALE. EVAPM, TOTALD: DISSOM
0061 WRITE(1, 8) TMASS
0062 WRITE (&, 8) TMASS
00463 WRITE(1, 20)TQTS

00464 WRITE(6, 20) TOTS
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0065

0046
0067
0048
00469

0070
. 0071
) ‘ 2072
0073

0074
0675
0076
0077
0078
0079
0080

0081

0082

- 0083
) 0084
0085

0086

0087

ooes

0089

0090

0091

0092

0093

0094

0095
0096
c0%97

0098

~O0O00O0O00O

105

106

107

30

300

298

0
0

OO0 OO0O0ORN

OO0

301

R) =

€0 7O 300

SPREADING MODELS 1. A, 2. A
(1A = INSTANTANECUS SPILL IN RIVER;
2A = CONTINUGUS SPILL 'IN RIVER WITH NO CURRENT)

CONTINUE

WRITE (1,103) TEMP, DIFFT,YY(1),YY(3)

WRITE (&,105) TeEMP, DIFFT,YY(1),YY(3)

FORMAT (///2X, 7HTIME = ,F10. 2,84 MINUTES, 2X, F7. 3, BH SECONDS/9X,
18HTHICK SLICK AREA =,E12. 5,6H 5@ M. ,2X,
QJHTHICK SLICK THICKNESS =, E12 5, 7H METERS)
IF(I.EG 1) €OTO 1C7

WRITE (1,106) YY(R)

WRITE (6, 10&6) YY(2)

FORMAT (9X,

18HTHIN SLICK AREA =,E12 35, SHSQ. M.)

WRITE (1,7) TOTALM, TOTALE, EVAFM, TOTALD, DISSOM
WRITE (6,7) TOTALM, TOTALE, EVAPM, TOTALD, DISSOM
IF(I.EQ. 1) COTO 30

WRITE(1, 8)TMASS

WRITE(b, 8) TMASS

WRITE(1, 20)T0O7TS

WRITE (6, 20)TOTS

CONTINUE

IV = TIME

IK = TPT

IF (IJ EQ. IK) @0 TO 298
MD = MOD(IJ, IK)

IF (MD. NE. Q) @0 TO 299
CONTINUE

INDEX = INDEX + 1
PIP{INDEX) = TIME
EVA(INDEX, IFLAG) = TOTALE
DIS(INDEX, IFLA®) = TOTALD
THK{INDEX, IFLAG) = TOTALM
TINCINDEX, IFLAG) = TMASS
CONTINVE

TRACKING MOVEMENT

S e S Y R S Ry L N e s S R e g e S
‘DMOVE’ INDICES ARE DEFINED IN "MOVE"

R T e e st T e eSS e R e L T e e e s S e e S SRR S S sl o
IF (DMOVE. EQ. 1. 0. OR. DMOVE. EQ. 1. 1) @O TO 301

IF (DMOVE. EQ. 2. 0) @0 70 311

0 TO 321

## HERE TO 314 PERTAIN TO INSTANTANEOUL SPILLS %%

WRITE (1,303) XC,YC
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0099
0100

0101

0102
0103
0104

0105
0106
0107
Q108

0109
Q110
o111
0112
0113
0114

0113
0116

0126
0127
o128
0129

0130
0131
0132

303

311

313

314

321

OO0 WOHoo
o

327

329

333

ML W~

et n 16 To R0l bie Bie X8 Biad [a's JS RTINS L'

WRITE (6,303) XxC,YC

FORMAT (//9X,

41HTHE CENTER OF THE SLICK IS LOCATED AT X =,
E12. 9,154 METERS AND Y =,E12 5, 7H METERS)

- @0 TO S00

WRITE (1,313) XC

WRITE (6.313) XC

FORMAT (//9X, 2SHTHE WHOLE SLICK HAS MOVED, E12. 9,
SHMETERS)

LTH=YY (1) /%W

WRITE(1,314) LTH/2+XC, XC~LTH/Z

WRITE(6, 314) LTH/2+XC. XC~LTH/2

FORMAT (9X, 4OMTHE DOWNSTREAM EDCE OF THE SLICK IS AT =, E12 9, .-

7H METERS. 1X, 304 AND THE UPbTREAH EDCE IS AT =, E12. 5, 7H METERS)
€0 TO 300 4

CONTINUE '

IF (DMOVE. LE. 3.213) @O0 TO 323

IF (DMOVE.LT. 3. 900) €0 TO 325

IF (DMOVE.LT. 4.2135) €0 TO 332

@0 TO 333

## REST OF STATEMENTS RELATE TO CONTINUOUS SPILLS ##

TEMPL = XLE

TEMPR = 0.0

## NOW CORRECT IF THERE IS NO CURRENT, SO SLICK IS SPREAD ##
++ QUT SYMMETRICALLY ABOUT SOURCE. -

IF(TEMP1. EQ. 0. 0) THEN
TEMP1 = YY(1)/(2 O#WW)
TEMPR = —-YY(1)/(2 O#WW)

ELSE

TEMP1=YY (1) /W

ENDIF

¢Q 70O 227

TEMP1 = XLE4YY(1)/(2. O#WlW)

TEMPR = XLE-YVY(1)/(2. O%Wl)

#% IN A TIDAL RIVER, THE TRAILING EDGE CANNCOT MQUE &+
#+ DOWNSTREAM, JUST UPSTREAM. *

IF (TEMPR.CT. 0. 0) TEMP2=0. 0

WRITE (1,329) TEMP1, TEMP2

WRITE (6, 3Q9) TEMP1, TEMPRZ

FORMAT (//9X,

A7HTHE LEADING EDGE OF THE SLICK 1S LOCATED AT X =,
E12. 5, 4HMETERS/

X,

49HTHE TRAILING EDGE OF THE SLICK IS LOCATED AT X =,
E12. 5, 6HMETERS)

0 TO 500

CONT INUE

WRITE (1,334) XLE, YLE
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0133
0134

01395
0136
0137
o138
0139
0140
0141
0142
0143
Q144

0143
0144
0147

334

337

339

800
799

L AN R

S WA -

WRITE (&, 334)
FORMAT (//9X%,

XLE, YLE

47HTHE LEADING EDGE OF THE SLICK I3 LOCATED AT X =,

E12 9, 2X, 1OHMETERS AND/33X, 3HY =, E1R2 3, 2X, 6HMETERS/3X,
G1HTHE TRAILING EDQE OF THE BLICK IS LOCATED AT THE SPILL ORI

)
en 70 300

TEMP] = XLE+UO#SGRT(YY(1)/3 14199)+XC
TEMP2 » YLE+UISEGRT(YY(1)/3 14139)+YC

TEMPI=(SART(XLE##2 +YLEweQ )-2 #SART(YY(1)/3 14139))«U0

TEMPA4=(BART(XLE®42 +Y_ Eeal )-2 #SGRT(
IF((TEMP3~XC)®U0 QE. O ) TEMPI=X(C
IF((TEMPA-YC)#UL1 CE. O ) TEMFRA=Y(C

WRITE (1,339}
WRITE (&,339}
FORMAT (//9X,

TEMPL, TEMP2, TEMPI, TEMPA
TEMPL, TEMP2, TEMPI3, TEMPA

YY(1)/3. 141%9))eU}

47HTHE LEADING EDQE OF THE SLICK I8 LOCATED AT X =,

£12 35, 2X, 10HMETERS AND/ 33X, 3HY =, E12 3, 2X. AMMETERS/ 93X,

ABHTHE TRAILING EDCE CFf THE SLICK 1S LOCATED AT X =,

E12 35, 2X. 10HMETERS AND 54X, JHY =, E12

CONT INVE
RETURN
END

3, X, 6HMETERS)
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SUBROUTINE RUNKUT

DIFFERENTIAL EQUATION SOLVER
RUNQGE HUTTA--VERNER FIFTH AND SIXTH ORDER METHOD

7ol el efed of of ofod of ol o of ol S S o] of o of o] of f o f f o o] f o] ol f of L f o o] o ] S S o f S ol S o f T o F o A S T A S T S S A A A o]

THIS SUBROUTINE I8 A STANDARD RUNCE-KUTTA INTEQRATION ROUTINE
CALLED BY "INTE". IT CALLS "UVERTST" AND “UQET!O".
#e N = NO. OF BIMULTANEOUS FIRST-ORDER DIFFERENTIAL EQUATIONS

*0 FCN = SUBROUTINE WHERE DIFFERENTIAL EQUATIONS ARE QIVEN
#s X = STARTING TIME ]
*» Y = MATRIX OF DIFFERENTIAL EQUATIONS
49 XEND = STARTING TIME + DELT
*e CHECKING CONVERGENCE
SUBROUTINE RUNKUT (N, FCN, X, Y, YEND, TOL, IND. C. N&. W, IER)
INTEQER N, IND, N, IER
INTEGER X
DIMENSION Y(N), C(24), W(NW, 9), RK(239)
DATA ZERQ/0. 0/, ONE/1. O/, TWO/2 O/, THREE/3. O/
DATA FOUR/4. 0/, FIVE/S. O/, SEVEN/7. O/
DATA TEN/10. O/ HALF/0. 9/.P90. 9/
DATA CAD19/. 26b6667EC/
DATA C2D3/. bbLLLETED/
DATA C3D4/. 8333333€0/
DATA C1Dé/. 1666646750/
DATA Ci1D13/. 66456647E-Y/
DATA C2096/120. 4273/
DATA REPRB/2. 77286E~17/
DATA RTOL/ 1. Q967YIE-22/
DATA RK( 1)/, 1664667E+00/
DATA RKM( 2)/. 8333333€-~01/
DATA . RK( 3)/. 2133333€+00/
DATA RK( 4)/. 833333T€+00/
DATA RK( 9)/ 266666TE+0L/
DATA RK( &)/. 2900000E+Q1/
DATA AR 7))/, 2978:23E+01/ ;
DATA RK( B)/. 91666467E+OL/
DATA RK( 9)/. 6680629€+01/ |
DA™ RK(10) /. BO4147E+CO/ i
DATA AK(11)/. 2400000E+01/
 DATA RK{12)/ BOOOOOCE+0L/ E
DATA RR(13)/ 6360438E+D1/
DATA RR(14) /. JO9III6E+Q0/ 1
DATA RY(19)/ J4%090CE+OQ/ |
DATA RK (16)/. 35086467E+QO/ |
DATA RK(17)/ 16%3332€+01/ |
DATA RK(18)/ 943%88ZE+00/ |
DATA RK(19)/ 3240000E+00/ ‘
DATA 4 RK(20) /. 2337RBE+00/
DATA RK(21) /. 203344%€+01/ ;
DATA RM(22)/ 6976744E+01/ f
DATA RK(23)/. 9648180E+01/ |
|
\
|
|
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0039
0040
Co41
0042
0043
0044
0043
00446
0047
0048
0049
0050
00351
00352
0083
Q0d4
0033
009%¢s
0Ns7
00358
Q039
0060
2061

0062

0063
0064
0063
0066
0067
0048
006°
Q070
0071
0072
0073
0074
0073
0076
0077
0078
0079
[o10] 0]
0081
0082
0083
0084
0083
008é
oce?
0088
0089
0090
0091
Qo092
0093

[t}

10

13

20

3%
40

43
S0

33

60

DATA
DATA
DATA
DATA
DATA
DATA
DAaTA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
IER = O

RK(24)/.
RK(23)/.
RK(26)/.
RK(27)/.
RK(28)/.
RK(29) /.
RK(30)/.
RK(31)/.
RK(32) /.
RK(33)/.
RK(34) /.
RK(33)/.
RK(34)/.
RK(37)/.
RK(38)/.
RK(39)/.

13738146E+00/
28463023E+00/
1441784E+00/
7 S500000€E-01/
3899267E+00/
3194444E4+00/
1330384E+Q0/
1078330€-01/
6980319E~01/
6230000€E-02/
6963012E~02/
b&944444E-0Q2/
6138107E-02/
48161682E~-01/
1078330€~01/
4980319E-01/

IF (IND. LT.1 OR.IND QT.6) Q0 TO 290
Q0 TO (3,5,40, 143, 2695, 269),

IF (N.QT. NW. OR. TOL. LE. ZEROQ?
¢0 7O 19

IF (IND EQ 2)
DO 10 K=1,9

C(K) = ZERO

CONT INUE
@0 TO 30
CONTINVE
DO 20 K=1,9

C(K) = ABS(C(K))

CONT INVE

IF (C(1). NE FOUR. AND. C(1). NE. FIVE) Q0 TO 30

DO 29 r=1, N

C(K+30) = ABS(C(K+30))

CONTINUE
CONT INUE
C(10) = REPS
Ci11) = RTOL
C(20) = X
DO 3% K=21, 24

C(K) = ZERQD

CONTINUVE
@0 TO 43

IF (C(Q1). NE. 2ERO

C(21) = ZEROQ
CONTINVE
CONTINUE

IF (C(7).EQ. 1ER0O OR. C(24) LT C(7))

IND = -}

0 TO 90093
CONTINUE

IF (IND EQ &)

AND. (X . NE. C(Q0). OR. XEND. EQ. C{(20)))

C0 TO 40

CALL FCN (N, X, Y. W(1, 1))

C(RQ4) = C(24)+0ONE

CONTINUE
C(13) = C(3)

IF (C(3).NE IERQO) Q0. TO 120
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70

73
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90
9
100
109

110
119
120

123

130

TEMP = ZERO
IF (C(1).NE.ONE) QO TO.70
DO 635 Kmi, N .
TEMP = AMAX1(TEMP, ABS(Y(K))}}
CONTINUE
C(12) = TEMP
Q90 TO 119
IF (C(1).NE. TWO) QO TO 795
C(12) = ONE
Q0 TO 119
IF (C(1).NE. THREE) G0 TO 8%
PO B8O M={,N .
TEI?P = AMAX1(TEMP, ABS(Y(K))/C(Q))
CONTINVE .
C(12) = AMINI(TEMP, ONE)
@0 TO 115
IF (C(1). NE. FOUR) QO TO 95
DO 90 K=y, N
TEMP = AMAX1(TEMP, ABB(Y(RK))/C(K+30))
CONTINUE .
Cl12) = AMINI(TEMP, ONE)
00 YO 1198
IF (C(1). NE.FIVE) GO TO 109
DO 100 K=, N
TEMP = AMAX1(TEMP, ABS(Y(K))/C(K+30))
CONT INVE .
C(12) = 1EMP
0 TO 118
CONT INVE
DO 110 Kmi, N
TEMP = AMAXLI(TEMP, ABB(Y(K) )}
CONTINVE
C(12) = AMINI(TEMP, ONE)
CONT INVE
C(13) = TEN®AMAX1(C(11),C(10)#AMAX1(C(12)/TOL, ABS(X)))
CONTINVE
C(13) = C(3)
IF (C(9). EQ. ZERO) C(193) = DONE
IF (C(&). NE. ZERQ. AND. C(35). NE. ZERO) C(16) = AMINI(C(S), TWO/C(3)
IF (C(&). NE ZERQ. AND. C(93).  EQ. 2ERQ) C(148) = C(&) :
IF (C(&). EQ. ZERO. AND. C(%). NE. ZERC) C(16) TWO/C(9)
IF (C(6). EQ. ZERO. AND. C(93). EQ. ZERQ) C(14) = TWO
IF (C(13).LE . C(146)) QO TD 1295
IND = -2
Q0 TO 9009
CONTINVE
IF (IND. QT.2) @O0 TO 13¢Q
Cl(14) = C(a)
IF (C(4) EQ. ZEPQ) C(14) = C(16)*TOL#e(1D6
0 TO 140
IF (C(23).QT.ONE) Q0 TO 13%
TEMP = TWO=C(14)
IF (TOL. LT C2D946#C(19)) TEMP = Pe(TOL/C .))#w(CiD6eC(14)
C(l14) = AMAX1(TEMP, HAL=#C(14))
GO TO 14¢
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133 CONTINUE
C(14) = HALFeC(14)
140 CONTINUE
C(l4) = AMINI(C(14),C(16))
C(14) = AMAX1(C(14),C(13))
IF (C(8). EQ. ZERO) €0 TO 143
IND = 4
@0 TO 9005
145 CONTINUE
IF (C(14). QE. ABS(XEND-X)) €0 TO 130
C(14) = AMINI(C(14),HALF#ABS(XEND-X))
C(17) = X+SIQGN(C(14), XEND-X)
@0 TO 133
150 CONTINUVE
C(14) = ABS(XEND-X)
C(17) = XEND
133 CONTINVE
C(18) = C(17)-X
DO 1460 K=1,N
HIK, 9) = Y(K)+C(18)#W (K, 1)#RK(1)
160 CONTINUE
CALL FCN (N, X+C(18)#C1D&, W(1,9), W(1,2))
DO 163 Kui, N ' o
WK, 9) = YR)+C(18)# (WL, 1) BRRI)+W (K, 2)#RK(3))
163 CONTINUE
CALL FCN (N, X+C(18)#C4D1S, W(1,9),HW(1,3))
DO 170 K=y, N ‘
WK, 9) = Y(R)+C(IE) M (W(K, 1) #RK(4) =W (K, 2)#RK(S)+W (K, 3)2RK(&))

170 CONTINUE

CALL FCN (N, X+C(18)#C2D3. W(1,9), W(1,4))
DO 1795 u=1, N
WK, 9) = Y(K)+C(18)#(—W(K, 1)#RK{7)+W (K, 2) #RK(8) =W (K, 3) #RK(9)
1 +W(K, 4)#RK(10))
173 CONTINUE
CALL FCN (N. X+C(18)#CS3D&, W(1,9), W(1,5))
DO 180 K=1,N
WK, 9) = Y(K)#C(IB)!(H(K.1)'RK(11)—H(K.Z)ORK(12)¢H(K 3)#RK(13!
1 =WK, 4)#RK (14)+W (K, S)#RK(13))
180 CONTINUE
CALL FCN (N, X+C(18), W(1,9), Wil, &))
DO 1893 Kei, N
WK, 9) = Y(KI+C(18)#(=W(K, 1) #RK(16)+W (K, 2)#RK (17)~W (K, 3)
1 SRAK(18)-W(K, 4)%RK (19)+W (K, $) #RK (20))
18% CONTINUE
CALL FCN (N, X+C(18)#C1D1%, W(1, 9), W(1, 7))
DO 190 K=1,N ‘
WK, §) = Y(KI+CUIB)#(W(K, 1) #RK{D1)~W(K, 2) #RK(22)+H(K, 3) #RK (23]
1 ~W(K, 4)8RK (24)+W (K, S)#RK(23)+H (K, 7) sRK(26))
190 CONTINUE
CALL FCN (N, X+C(1B), W(1,9),W(1,8))
DO 193 K=1, N ‘
WK, ©) = Y(K)+C(18)#(W(K, 1)#RK (27)+W (K, 3) *RK (28) +R (K, 4 2RK (29)
1 WK, S)SRK(D0) +W (K, 7) #RK(31)+W (K, B) *RR (32))
19% CONTINUE
C(24) = C(24)+SEVEN
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DO 200 K=i, N

o
3

Lo 0200 WK, 2) = WK, 1)#RK(3J)+W(K, I #RK(34) =W (K, 4) #RK (35)+W (K, 5)
- 1 #RK{36)+W(K, &) #RK(37)~W (K, 7)#RK (38) -W (K, B) #RK (39)
N 0201 200 CONTINUE '
o 0202 - TEMP = ZERO
rY 0203 IF (C(1).NE. ONE) €0 TO 210
H ) 0204 - DO 20% W=i,N
- 020% © TEMP = AMAX1(TEMP, ABS(W(K,2)))
N 0206 209 CONTINUE
) 0207 . @0 TO 260
2 0208 210 IF (C(1).NE. TWO) QO TO 220
) 0209 DO 219 K=y, N
o 0210 IF (Y(K). EQ. ZERO) €0 TO 280
0211 TEMP = AMAX1(TEMP, ABS(W(K,2)/Y(K)))
- 0212 219 CONTINUVE
s 0213 - Q0 TO 260
e 0214 220 IF (C(1). NE. THREE) 00 TO 230
ot 0219 DO 229 M=1,N
o o216 TEMP = AMAX1(TEMP, ABS(W(K, 2))/AMAX1(C (2}, ABS(Y(K))))
- o217 229 CONTINVE :
‘ 0218 €0 TO 260
it 0219 230 IF (C(1) NE. FOUR) QO TO 240
¥ 0220 DO 235 K=1,N
b 0221 TEMP = AMAXI(TEMP, ABS(W (XK, 2))/AMAX1(C(K+30), ABS(Y(K))))
" 0222 233 CONTINUE ‘
e 0223 G0 TO 260
- 0224 240 IF (Ct1). NE.FIVE) @0 TO 250
i 0223 DO 249 K=i,N
- 0226 TEMP = AMAX1(TEMP, ABS(W(K, 2)/C(K+30)))
o 0227 245 CONTINVE
. N o228 Q0 7O 260
- 0229 290 CONTINVE
" 0230 DO 295 Kwi, N
e 0231 TEMP = AMAX1(TEMP, ABS(W(K, 2))/AMAX 1 (ONE, ABS(Y(K))))
] 0232 233 CONTINUE
o 0233 260 CONTINUE
o 0234 .~ Cl19) = TEMPHC(14)2C(19)
N 0233 IND = 3
~7 0236 IF (C(19).QT. TOL) IMND = &
e 0237 IF (C(9). NE. ZERO) €O TOD 900%
~4 0238 263 CONTINUE
| 0239 IF (IND.EQ. &) SO TO 279
oK 0240 X = C(17)
N 0241 DO 270 =1, N
o 0242 Y(R) = W(K, D)
- 0243 270 CONTINUE
e 0244 C(22) = C(22)+0ONE
-, o249 C(23) = 2ERQ
”n 0246 IF (X.NE. XEND) GO TO 50
B 0247 IND = 3
e 0248 C(20) = XEND
o 0249 C(21) = ONE
e 02%0 @0 TO 9009
o 0291 279 CONTINUE
W 0292 €(23) = C(23)+0ONE
|} ‘
-~
.'.:'\
B C-54
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IF (C(14).QT7.C(13)) 60O TO 50

IND = -3
@0 TOD 9005
CONTINUVE
IER = 132
@0 TO %000
CONTINUE
IER = 131
60 TO 9000
CONTINUE
IER = 130
@0 70 9000
CONTINUE
IER = 129
CONTINVE
CONT INUE
RETURN

END
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SUBROUTINE SPLOC
SPILL LOCATION DEFINITION

cceccececeeecceeceeeccecacececccceeccceeccceecccceecccececececcecccecccceccceceee

SOOI OTOO

12

27

99

THIS SUBROUTINE IS CALLED BY "DMODEL*. IT INPUTS THE SPILL
SOURCE LOCATION. IF THE SPILL IS IN A RIVER (SHAPE < 2), THE
SPILL OCCURS AT X = Q,Y=0 AND X > O IS DOWNSTREAM. IF THE SPI
IS IN A LAKE OR COAST, THE X.Y LOCATION OF SOURCE 1S INPUT.

IF THE CURRENT = F(SPACE), THE BOX OR SLICE IN WHICH THE SOURC
LIES IS ALSO REQUESTED.

## X0, Y0 = INITIAL SPILL LOCATION. M

»# ISP = BOX OR SLICE NO. WHEN CURRENT = F(SPACE) IN OPEN WA

SUBROUTINE SPLOC
COMMON/CONTOUR /SHAPE, X(10),Y(10), XC, YC., IC, IW, ISP, X0, YO
COMMON/TRANSIT/UX (10, 10),UY(10, 10), VWX (10),
VWY (10), THETAC10),. TI(10), ID, IT, IV,
XU(10), YU(L0), TT(1O)
1 = SHAPE
IF (1.EQ 1) €0 TO 99
WRITE (é&,10) '
FORMAT (1X, 41HQIVE SPILL CODORDINATES X AND Y, IN METERS)
READ (S5, #, ERR=7) XC,YC
WRITE (1,12) XC,YC
X0 = XC
YO = YC
FORMAT (//35X, 30HS. THE SPILL ORIGIN IS AT X = ,E12. 5,
1X, 10HMETERS AND, /31X, 4HY = ,E12. 5, 1 X, 7HMETERS. )
IF (IC.EQ. 2. OR. IC. EQ. 4) G0 TO 27
ISP = |
€0 TO %9

WRITE (4, 30)
FORMAT(1X, &42HWHAT BOX (LAKE) OR SLICE (COAST) DOES THE SPILL (

$GIN LIE IN?)

READ (5, #, ERR=Q7) ISP
RETURN
END
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SUBROUTINE SPREAD
THIS IS THE MAIN COMPUTING BLOCK
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THIS SUBROUTINE IS CALLED BY “DMODEL". 1T ORCANIZES THE
CALCULATIONS AND CALLS THE COMPUTING EQUATIONS. IT ASKS FOR
INPUT:

#% TPT = TIME INTERVAL BETWEEN PRINTOUT OF RESULTS, SEC

SUBROUTINE SPREAD
COMMON/STYPE/SPILLM, SPILMR, TEPILL, WS, STP, SPM
COMMON/CONTOUR /SHAPE, X(10),Y(10), XC, YC, IC, IW, ISP, X0, YO
COMMON/CONSTAT/UC, YW, UTBAR, UQ, UL, WT, ALPH, THETAL
COMMON/TRANSIT/UX (10, 10),UY(10, 10}, VWX(10),
VWY (10), THETA(10), T1¢(10), ID, IT, IV,
XU{16G), YUCL10), TT(10)
COMMON/MASS/TOTALE, TOTALD, TOTALM, DMASS
COMMON/MOVE/UPEAK (10), XLE, XTE, YLE, YTE, DELT. TIME, TSTOP, TCHECK
COMMON/SPREAD/TII, ATK, HTK, ATN, HTN, HMIN, INDEX, IFLAQ
COMMON/RUNGE/YY(S5), C(24), W(3, 30)
COMMON/MLOSS/EVAPM, DISSOM
COMMON/CURRENT/UBAR (10), DIMOVE, UTOT, UTX, UTY, UREL
COMMON/EVADIS/DAN, UXA, SCHMIA, CSA, DWN, UXW, SCHMIW, CSW
COMMON/SENSE/EVA (40, 10), DIS(40, 10), THK(40, 10), TIN(40, 10),
PIP(40), TPT
COMMON/UAVE/UCX 1, UCY 1, VWX, VWYL
COMMON/PRIM/PRIME(S), IDEB, KKK
I = STP
IH = 0
JaSHAPE
KKK=Q

IF TSTOP/TPT IS QREATER THAN 40, USER WILL BE ASKED TO
REENTER A PRINTOUT TIME STEP(TPT). OTHERWISE, USER CAN
INCREASE ARRAY SIZES IN LABELED COMMON /SENSE/

EVA, DIS, THK, TIN, PIP

WRITE (6,1) ‘ '
FORMAT (/1X, 40HINPUT THE PRINTOUT TIME STEP IN MINUTES.) -
READ (S, =) TPT
TPT=TPT#60.
TTRY=TSTOR/TPT
IF(TTRY. QT. 40. ) THEN
WRITE(&, 6)
FORMAT(1X,
47HYOU HAVE EXCEEDED ALLOWABLE NUMBER OF PRINTOUTS/1X,
4A2HWITH THIS TIME STEP. THE PROBLEM DURATION/1X,
S6HDIVIDED BY THIS PRINTOUT TIME STEP MUST BE LESS THAN 40.
/71X, 6HAGAIN, )
@070 5
ELSE
ENDIF

RBBREDDEFRRABRE SRS RHRRBE GRS R RSB SR D BRI BRSNS
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0031

0032
0033

0033
0036
0037
0038
0039
0040
0041
0042

0043

0044
0045

0047

0048
0049

0030

00351

0092

00353
0034
00SS
0036
0057

(e NeNeNeNe] (e NeNeNeNs N o]

103

‘n:- aoon 000000000 W N

ooao

NEXT 11 STATEMENTS CALCULATE DUMMY VARIABLES NEEDED TO
CALCULATE THE VELOCITY USED IN THE SPREADING MODELS --
UTBAR, AT STATEMENT 100 —— WHEN NEITHER THE CURRENT NOR
THE WIND DEPEND ON TIME.

R 2 L 2222222 YT S22l ettt ol el atladd ettt o2t ls

IF(J.GE. 2) M=ISP

L2 a2t 22 2222 2ot P2l st et il e ettt ol s ol

ISP = BOX OR SLICE OF SPILL LOCATION WHEN CURRENT = F(SPACE)
LRI TR e T T e S A Y A R R e S R R e S L S

IF(J. EQ. 1) M=
UCX1=UX (M, 1)
UCY1=myUyY (M, 1) .
VHX1 = VWX(1) :
VWY1 = VY(1)
IF(J. EQ. 1) THEN
VWX1i=Vd # COS(THETAL)
UCX1=UC :
ELSE
ENDIF
IF (I .EQ. 4) ¢0 TO 103
€0 TO 200
IF (U.NE. 1) S0 TO 2 '
IF(IC.QT. 1. 0R. IW. GT. 1) €0 TO 3
€0 7O 100
IF(IC.QT. 2. OR. IW. @T. 1) €0 TO 3
0 TO 100 .
CONTINUVE

B T T T L
NEXT 7 STATEMENTS CALCULATE THE VELOCITY USED IN THE SPREADING

MODELS —— UTBAR ~=- WHEN THE CURRENT OR WIND IS A FUNCTION OF TII
E TR Y Ny e R N T e S At S e e e n Ll R

CALL SUBROUTINE UTPEAK TO COMPUTE MAXIMUM
TRANSPORT VELOCITY WHEN THE CURRENT OR
WIND IS A FUNCTION OF TIME

CALL UTPEAK
CALL SUBROUTINE CURRENT TO CALCULATE
AVERAGE TRANSPORT VELOCITY OVER ENTIRE
SPILL DURATION

CALL CURRT

CONTINUE

IF(J. GE. 2) M=ISP

IF(J. EQ. 1) M=}
IF(UBAR(M). . LT. (0. 3%UPEAK(M))) @0 TD SO
UTBAR = UBAR(M) , ’

0 TO 200

UTBAR . LT. (0. 3*UPEAK)
SET UT = O AND CHANQE SPREAD MODEL TO MODEL
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0038
0059
0060
0061
0062
00&3
0064
0063
0066

0067

0068
0069

0070
0071

0072
0073
0074
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0076
0077

0078
0079

0080
0081

[T HaNe]

S5S

100

200

OO0

299

OO0 0O0O00n0n

(9]

-
Q

OO0 0W

TWN

At e then st ik Dot Bt
TN T T

WITHOUT CURRENT. ............... . ... ...

DO 35 KK=1, ID
UBAR(KK) = 0.0

CONTINUE

UTBAR = 0.0

IF( STP.EQ. 4.1 ) STPw=2. 1

IF( STP.EQ. 4.2 ) STP=2. 2

PRINT #, 'CHANGE TO MODEL ‘, STP

0 TO 200

UTBAR = SART({(UCX1+0. O35#VWX1)##2+
(UCY1+0. O35#VWY1)##2)
CONTINUE i

———— CALL SUBROUTINE INIT TO CALCULATE
INITIAL CONDITIONS ——

WRITE (1, 299)

FORMAT (1M1 /10X,

¥ e 2 TR A ey T e R e P Ry e S e et e S e S R el s
/10X, 1H*, 16X, 22HSPREADING MODEL OUTPUT, 18X, 1H#*/10X,

Yol LR R S T T R Y e e s e e e e e Ll e e s Ll
CAaLL INIT

IF(KKK. EQ. 3) @OTO 331

LT F R Ry I IR R R Y R R R R s e e L e S R S S Dl
‘KKK’ IS A CODE THAT DETERMINES IF AN INSTANTANEOUS SPILL HAS
EVAPORATED OR, FOR A CONTINUCUS SPILL., IF THE EVAPORATION RATI
DISCHARGE RATE, DURING THE INITIAL CONDITION TIME PERIOD. IT
IS COMPUTED IN "INT12A" AND "INIT4A"

RIS SR R R S LS Lo RS E R s sttt d sl d Al

TIME=TII
YY(1)=ATK
YY(2)=ATN
YY{(3)=HTK
YY(4) = 0.0
YY(5) = 0.0

ISTP=STP
IF(ISTP.EQ. 1) @O0 TO 3%0

~=—= WHEN ISTP=1 SPILL IS INSTANTANEOUS ———-—
SPM = SPILMR ‘

IF (TIME.LT. TSPILL) @0 TO 350

AR S g e e S R S bl s Sl e e bbb sl S
FROM HERE TO 330 IS EXECUTED ONLY IF SPILL 1S CONTINUQUS
AND DISCHARGE HAS JUST STOPPED.

D L s e e Ty ey A a S e R e e S 2y s L]
-——— SPILL WAS CONTINUDOUS. HOWEVER 1T HAS STOPPED. .. -———-

——== CALL ‘SWITCH’ AND CHANGE TO APPROPRIATE
INSTANTANEQUS SPILL MODEL -——
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CALL SWITCH
CONTINUE

CALL SUBROUTINE TRANSP TO CALCULATE SURFACE TRANSPORT VELOC.
CALL TRANSP :

—~—- CALL ‘INTE’ TO SOLVE SIMULTANEOUS
DIFFERENTIAL EQUATIONS -——- ‘
CALL INTE(XEND) o , ‘
IF (TIME. GE. TSTOP) GO TO 353
IF (SHAPE.LT.1.9) GO TO 351

iz TR A e Y R T A R S R IR R SR AR E LRSS R
SKIP THE SLICK HITTING THE COAST LINE ROUTINE "GQROUND"

WHEN SPILL IS IN RIVER.
2T TR Y A I SRR AR YR AR R S S A S e I L R L S Y R T

CALL GROUND(IH)

e sl a2l ol 2ol il el s il ot ot ol sl ad et add sl s gd )

IF IH > 0, THE SLICK HAS HIT THE COAST LINE.
R L L e R T N S SRR R AN S e T e R e 2

IF (IH.QT. 0) €0 TO 998

a2 TR T A PR SRR IR SR SR A R R PR I R A SRS R L I e )
FROM HERE TO 333 IS A ROUTINE THAT PRINTS OUT THAT AN
INSTANTANEDOUS SLICK HAS EVAPORATED (355) OR THE EVAPORATION
RATE HAS INCREASED TO EGUAL THE DISCHARGE RATE FOR A CONTINUOGUS
SPILL. THE CRITERION IS

‘ TCHECK > TIME
AND 1S DETERMINED IN SUBROUTINE “CHEKMS™.

Ee 222 o222 IR a2 R R e R Ittt R Rl e es et sl e sl

IF (TCHECK. @T. TIME) €0 TO 333
TEMP = T.ME/&O.

IF (ISTP.EQ. 1) €0 TO 352
TMPT=TSPILL/40.

WRITE (1,3%4) TEMP, TMPT
WRITE (46, 3%54) TEMP, TMPT
SPILLM = SPILMR # TIME

TIME = TSPILL

TCHECK = TSTOP

€0 TO 310 l s

CONTINUE

DELTIM = (SPILLM ~ TOTALE -~ TOTALD) / (EVAPM#YY(1)

+ DISSOM » YY(1))

TOTALE=TOTALE + DELTIM » EVAPM # YY{1)
TOTALD=TOTALD + DELTIM # DISSOM % YY(1)

TMASS = O
TOTALM = O,
YY(1) = O,
YY{(2) = O,
YY(3) = Q.
RAD1 = Q.
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0110
o111
0112
0113
o114
0115
0116

0117
o118

0119

0120

0121
0122
0123
0124
0125
o126

0127

RAD2 = 0.

TIME= TIME + DELTIM

TEMP = TIME / &0.
WRITE (1,355) TEMP
WRITE (&,355) TEMP

0 TO 999
333 . CONTINUE
c .
C e S I Ty T R TR I R A TR R YRR AT RN I Y
c BACK IN MAIN LOOP NOW —— EXCEPT FCR FORMATS 354 AND 355
c T R R I IR R R S R 2R AR S S R AL RS TR R S R I R Y
c
c -=-—= CALL ‘MOVE’ TO TRACK SPREADING —-—-
C
CALL MOVE
354 FORMAT (///7/71X,
el S R R R R S R R Yy e S R R R S S SR E Y R S Y e e L
/1X, 1H#*, 2X, ‘

48HTHE RATE GF MASS {.0SS HAS INCREASED UNTIL IT IS ,8X, tH®/1X,
1H», 2X, 33HAPPROXIMATELY EQUAL TO THE RATE QF, &£2X, 1H®*, /1X, 1H*, 2)
ZSHSPILLING AT TIME EQUAL TO,E12. 5, 2X, 7HMINUTES, 10X, 1H#/1X, 1H*,
2X, SSHTHE SLICK SIZE REMAINS CONSTANT FROM MOW UNTIL SPILLING,
1X, IH®/1X, 1H*, 2X, 14HSTOPS AT TIME=, E12. 5,

<5H MINUTES AND THE PRINTOUT, 35X, 1H®#/1X, {H#*, 2X,

49HRESUMES WHEN THE SLICK SIZE BEQINS TO VARY AGAIN. ., 7X, iH#/1X,
Flel st RS RS R e Ry e e S R R e S e S L e S L s e s el
335 FORMAT(////71X, ‘

= ODND D WN -

1 SOHSHRRERRER ISR B I T T I I IS T I
2 /11X, 1H*, :
3 S8HALL THE SPILLED MASS HAS BEEN EVAPURATED AND(OR) DISSOUVED.
4  1H®/1X, 1H*,
5 30HAT TIME APPRUXIMATELY EQUAL T0,EL12. S5, 2X, 7THMINUTES:
& 77X, 1H#/1X,
YA L2 TR TR Ry N R TR Iy N e e e e e
IF (TIME.LT. TPT) @O TO 400
C
c e E TR RS T Y N Ty L e e e e R s e e s P el
c NEXT & STATEMENTS DETERMINE IF PRINTOUT IS REQUIRED AND BREAK
c TIME INTO MINUTES AND SECONDS FOR PRINTOUT
c R s R ey e e e L e s
C
IJ = TIME
IK = TPT
DIC = ABS(TIME - FLOAT(IJ))
IF (DIC .@T. DELT) @O TO 400
MD =MOD(IJ, IK) '
IF (MD .NE. Q) @0 TD 400
o —-—=== TIME TO PRINT OQUT SOME RESULTS -———-—
CALL PRINTD
C
C L L e R T e Ty e S e Ry s S TS Y RS S s e SR S SR L
C DETERMINE IF THICKNESS OF THICK SLICK 1S5 LESS THAN HMIN
C IF S0, STOP.
c ERBRBERABEBHRRERERARBEBBREERBR LR BRRRRRL AR R RRERRERRR LR AR N
c
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0128
0129
013

0131
0132

0133
0134
0139

0134
0137
0138

0139
0140
0141
0142

0143
0144
01453

R T P IR R PR L P St RN A SRS PR LR PAST S SUAL SA S0 M S M A WAl ‘s St e B0 RE R AR SR 0

300

(e NsNaRs N Y] AOOOON
9 -
o o

997

999

L WUN~

i
!
I

IF(ISTP. EQ. 4. AND. TIME. LT. TSPILL) QOTC %10
IF (YY(3). LT. HMIN) THEN
WRITE(1, SOOYHMIN. TIME
WRITE (&, SOOYHMIN, TIME
FORMAT(///5X%,
RIHTHE THICK SLICK IS LESS THAN ,E12. 5, 11H M AT TIME=,E£13. 6, !
8H SECONDS)
0 V0 999
ELSE
ENDIF

L2222 a2 a2 2ol el sl el a2 sttt 222222 2 222

STOP IF TIME >= RUN TIME
LTI SR AN SR AL A I SRR I T R L A S T A

IF (TIME. QT. TSTOP) Q0 TO 999 -
Q0 TO 300
CONT INVE

a2 2 2 2 il 22 sl s sl ald ool il ol sl ot ol gl s s sl

STOP IF SLICK HITS COASTLINE
P T s Y T X AT AR T S F AR S AT SRR T 2

TEMP = TIME/&0. 0 '
WRITE ¢1,997) TEMP

WRITE (&, 997) TEMP

FORMAT(///1X,

[Yoi i 222222 L2 RS2 2 2222222 222222222 222222222222 22222222222y 2 )
71X, 1H#, 2X, )
S2HTHE SLICK HAS HIT THE BOUNDARY AT TIME APPROXIMATELY,

4X, 1H#/1X, 1H«. 2X, BHEQUAL TO.2X, E12. S, THMINUTES, 27X, 1H*/1X,

QO AA2403 24595 25355215 303095 35 S0 15 S04 9 305 B 100 D I S5 AL T S 2 SRS R R
CONTINUE

RETURN

END
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1 ‘ C SUBROUTINE SPTYPE

- c THIS SUBROUTINE SPECIFIES SPILL TYPE
ol of of ol o o 2 e of s ol o ol oY oY of of of o o of of o} o of of of of o of o] o] o of of Rt ul Wi et ot oX of of of of of of of o of of oY of o3 ] of of o{ o of o{ e of oY o o ¢

. THIS SUBROUTINE 1S CALLED BY “DMODEL". IT INPUTS THE CHEMICY
PROPERTY. DATA AND THE TYPE OF SPILL (INSTANTANEOUS OR CONTIMN
#eas 1T SETS UP THE FOLLOWING CUDE #as ‘

>
>
>
K

.1, INSTANTANEQUS IN RIVER

2, INSTANTANEDOUS IN OPEN WATER

1, CONTINUOUS IN RIVER WITH NO CURRENT

.2, CONTINUQUS IN OPEN WATER WITH NO CURRENT
1, CONTINUCUS IN RIVER WITH CURRENT

2, CONTINUOUS IN DPEN WATER WITH CURRENT

§TP
STP
sTP
STP
STP
STP

* W e
= e

NGALy
e o
LR T,

b N R elle

OO0

0001 SUBROQUTINE SPTYPE (PB)

0002 COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM

0003 COMMON/CONTOUR /SHAPE, X{10), Y(10), XC, YC, IC, IW, ISP, X0, YO
0004 COMMON/WATER /DENW, VISH, R

o oloL. COMMON/CHEMI /DENG, DCA, DCW, CS, CMW

0006 COMMON/ENVOR/PY, VISA, DENA, TDC

co07 COMMON/ INTER/COEF, SICWA, SICOA, SI1COW, SI16

coo8 - COMMON/MOVE /UPEAK (10), XLE, XTE, YLE, YTE. DELT, TIME, TSTOP, TCHECK
0009 COMMON/ID/IDt, 1D2, 1D3

0010 ‘ COMMON/NAME/ NC(2, 20)

0011 " CHARACTER#10 NAME(2), NC

Ay & 8%,

«
«

F SRR LA
‘ AR
I S W wt WS

oV

T T2y

0012 ID1=0

0013 1D2=0

’ . Q014 ID3=0

/ 0015 WRITE (6, 10)

i 0014 WRITE (1,10)

L . o017 FORMAT (1H1/7/3X, 2Q0HS 4203252040088 50000/
o 1 SX, 1H®, 4X, 10HSPILL TYPE, 4X, 1Ha/
m 2 X, 20Hl.0000'0!000000{0000)

'ﬁ‘
.
.
3

—
o

-== CHEMICAL NAME AND PROPERTIES ---=-

#e STATEMENTS FROM THIS PUINT TO ABOUT STATEMENT # 49
#»# CAN BE REPLACED BY "CHRIS™ DATA FILES IN MERQED
#% HACS PROUOGRAMS

VBBBBRRBERBPBLRBRBDBBBDRBRBPBIBRAPNBIRBBDPRBHBBRLDAIVBIP 2920009

THE INPUT CHEMICAL PARAMETERS ARE
e Y T e T S R Y T S R R Y ]

DENO = DENSITY. KQ/CU M

CHW = MOLECULAR WEIGQHT

DCA = DIFFUSION COEFFICIENT IN AIR, SQ M/SEC
DCW = DIFFUSICON COEFFICIENT IN WATER, SG. M/SEC
PY = VAPOR PRESSURE, N/SQ M

€S = SCLUBILITY LIMIT, XQ/CU M

SIQ0A = CHEMICAL-AIR INTERFACIAL TENSION., N/M

4
.
OOOATOHA OO OOOO

‘..“. A‘. _'.‘._ -
i

:z.}

AR IIAY
)

B
RSINEN
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0 .
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-4

Z

ARG

LS
.\ ~‘ '~

\

ook

7,

Y

2
Ny

b 2
A

<
.. _'j

IAAREAE E LA St g 2.4 rv'. T ‘s"v"ﬂ":rv-i"‘ﬁw\""T"‘lrl}"' FORY WIS .,'.':_‘s.._._",‘.’_'i _'F‘.‘Z)

.

o018
0019
0020

o021

0022
0023

0024
0023
O0Rs
0027

0020
0029
0030
0031
0032
0033
0034
0039
0036
0037
0038

0040
0041

Q042
0043

0044

Q043
0046
Q047
0048
Q049
C0S0o
00531
0082
0033

OO0 OONOO

ey
[ ]

1109

1110

36
37

28

SI100W = CHEMICAL-WATER INTERFACIAL TENSION. N/M
CALCULATED CHEMICAL PARAMETERS ARE:

810 = SPREADINGC COEFFICIENT
= BIQWA -~ SIC0A -~ SI1GOW., N/M

COEF = 1 -~ DENQO/DENW
NOTE : COEF IS CALLED DELTA IN THE REPORT,

LTI ST T RTRETT LR TRy Ly T NPy
WRITE (1.,19)

FORMAT (/3X, 12HPROPERTIES :)

WRITE(S, 1110) (J, NC(1,J)y NC(2,J)sJel, NC(1,J+*1), NC(2,J+1)

J=1, 20, 2)
FORMAT (1X, SOHWE HAVE STANDARD PROPERTIES FDR THE FOLLOWIMNG CM
IHICALS, 7/, 10€1X, 12,24, , 2A10,2X, 12, 2H. ., 2A10.7))

WRITE (6, 8)
FORMAT (OX, 29HENTER THE NO. YOU WANT OR. /, 59X, 14HNEQATIVE VALUE

1 J38H - IF YOU WANT TO INPUT THE PROPERTIES. /, 3X,
2 14M 99 + @34 ~ IF THE CHEMICAL IS NOT,
3 124 ON THE LIST)

READ (95, «, ERR=110%) ICS

IF (ICS .LT. 0) @O YO 17

IF (ICS . ¢T. 90) 60 TO 12

CALL CHEHCL(ICS. NAME, PB., PHI. DENO, C8. CMW, DCA,
1 DCW, SIQ0A, SIo0OW)
@0 TO 1038

WRITE (4,13

FORMAT(/1X, 33HWHAT 1S THE NAME OF THE CHEMICAL?)

READ (93, 14, ERR=12) NAME

FORMAT (2A10)

WRITE (4,18)

FORMAT (1X, 29HENTER ITS DENBITY IN XQ/CU M. )

READ (9., e, ERR=17) DENG

WRITE (6, 701)

FORMAT (1X, 41HINPUT 1TS HOLECULAR WEIQHT IN MQ/KQO-MOLE. )

READ (9, 2, ERR=700) CMW

WRITE (6,20)

FORMAT (/1X, S6HENTER DIFFUSION COEFFICIENT OF VAPOR IN AIR IN
sM/SEC. )

READ (9, e, ERR=2Q) DCA

WRITE (6,31)

FORMAT(/1X,

SIPHENTER DIFFUSION COEFFICIENT OF LIGQUID IN WATER IN SQ M/SEC. )

READ (9. e, ERR=30) DCW

WRITE (4,39)
FORMAT(/1X, ASHIS PV (VAPOR) 1. A NUMBER OR 2. A FORMULA®)
READ (S, s ERR=34) 1

G0 TO (36.38) 1

WRITE (6.37)

FORMAT(/1X, 17HENTER CONSTANT PV}

READ (9, s, ERR=34) PV

Q0 TO 39

WRITE (S, 138)
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0054 138 FORMAT(/1X, 31HPV IS A FUNCTION OF TEMPERATURE/
3X, QSHPY=10. O## (A1-B1/(C1+TDC))/
6X, 32HENTER COEFFICIENTS Al, Bi AND C1)

.‘...
’ I.
N

- 005 READ (S.#, ERR=38) Al,B!,Ct

A 0056 PV = 10. 0%#(A1-B1/(C1+TDC))

el - 0057 39 CONTINUE

b 0038 WRITE (6&,40)

I!I 0059 40 FORMAT(/1X, 47HINPUT THE SOLUBILITY LIMIT OF CHEMICAL IN WATER
] 1 11H KG/CU. M. ))

s 0040 READ (5, #, ERR=39) (S

A . C.

R 0061 60 CWRITE (4, 61)

N 00462 61 FORMAT (/1X, 44HINPUT (1) CHEMICAL/AIR INTERFACE TENSION AND,
T 1 /76X, 38H(2) WATER/CHEMICAL INTERFACE TENSION,

u 2 /1%, LOHUNIT - NEWTON/M. )

\ i 0063 READ (9., e, ERR=40) SIQ0A, SICOW

s, 4oy 0064 1036 COMTINUE

bus 0065 WRITE (1.9) PB

y 0066 WRITE (4.9) PB -

e, 0067 9 FORMAT (/%X, 23HBAROMETRIC PRESSURE : ,F12. 3, 2X, BHMILLIBAR. //)
e 0048 WRITE (1,11) TDC »

E‘a 0049 WRITE (&,11) TDC ‘ ,

£ 0070 11 FORMAT(/%X, 14HTEMPERATURE :,F12 3. 2X, SHDEGQREES ¢, //)

N 0071 WRITE (i, 16) NAME ‘ ‘

e 0072 WRITE (&, 16) NAME

o 0073 16 FORMAT (//3X, 1BHCHEMICAL NAME IS: ,2A10)

e 0074 WRITE (1,41) DENO

I 007% WRITE (4,48:) DENO

H .. 0076 WRITE (1,1013) CHwW

- ‘ co77 WRITE (&, 1013) CMu

N 0078 1013 FORMAT (/3X, 18HMOLECULAR HEIOHT =, F10. 3. 2X, 1OHKG/KO—MOLE)
e 0079 WRITE (1,42) DCA

o 0080 WRITE (&, 42) DCA

A0 0081 WRITE (1, 44) DCW

O 0082 WRITE (4, 44) DCW

n 0083 WRITE (1,46) PV

g 0084 WRITE (&, 46) PV

Y 0085 " WRITE (1,48) CS

N 0086 .. WRITE (4,48) CS

Y 0087 41 FORMAT (/%X, 23HCHEMICAL DENSITY ™ ,F12. 2, 2X, BHKE/CU. M
A folet: ] 42 FORMAT (/%X, 29HDIFFUSION COEFF (AIR) =, E12 9, 2X, 9HSQ M. /SEC
ol 0089 a4 FOPMAT (/9X. 2SHDIFFUSION COEFF (WATER) =, E12 93, 2X, 94SQ M /SEC
©4 0050 48 FORMAT (/%X, 2% 4CHEMICAL VAPOR PRESSURE =, F12. 2, 2X,

S 1 I 2HNEWTON/SG M )

T 0091 4g FORMAT (/3X. 2SHSOLUBILITY IN \ATER w, F12 2, 2X, BHKS/CU M. )
e 0092 WRITE (1, 103%) SIGDA, SIGOW

O 0093 WRITE (&, 100%) SICOA. S1Q0OW

o 0094 1039 FORMAT (/3X. 33WTHE INTERFACE TENSIOM WRT AIR IS ,E10.3

. . 1 X, IHENEWTON/M , 79X,

97 2 3SHTHE INTERFACE TENSION WRT WATER IS ,E10 3, 2X

T 3 SHNEWTON/M )

o 0Cos 516 = SICWA-SIGOW-SICOA

s 00v s WRITE (1,4°) 51¢

: 0097 WRITE 14,49 SIC

. 0099 49 FORMAT { /93X, 294THE SPREADING COEFFICIENT 1S ,E10. S, 2X, PHNEWTON

C-65




e

7HKQ/SEC. )

ey . AT R end A S pon subs ) -'_':a.'-".':'.').'-'.'-;:'-‘:'-'."'.‘-‘t‘<'.'~'. A _'-?:.?_:':'_V".'.f'_.“_::-'_-.‘ ? AN
. S )
m 0099 COEF=1. O~DENQ/DENM
(] .
o~ ,_-‘\v' c LR 2222222322 222 2222222 22t 2 o222 22 22222 a2 aadlsss sl
RSO c THE SPILL PARAMETERS ARE:
) $::.\, c “llQQOfQ'0Q0’.0i009ﬂl“l_“’“QQQ’QQCQ'.QQG“Q#QG”’OGQ“’O
- ".‘-'\J c
Sl c SPILLM = TOTAL MASS OF INSTANTANEOUS SPILL. K&
NS c SPILLMR = DISCHARGE RATE OF CONTINUOUS SPILL. KO/SEC
. ) c TSPILL = TOTAL DISCHARGE TIME. SEC
r.:,-‘;.o' C (222 222222222222 R T o2 a2t st il el 22222 sl
Al ¢
Y 2100 50 WRITE (6, 51)
nA 0:01 81 FORMAT(/1X, 47HIS SPILL 1. INSTANTANEOUS OR 2. CONTINUGUSE
R 0102 READ (S5, #, ERR=30) ITYPE :
-f 0103 Q0 TO (100, 200) ITYPE
c
e c ‘
e ¢ INSTANTANECUS SPILL
A -~
N ;‘, 0104 100 CONTINVE
e 010% WRITE (1,101)
ﬁﬁ' 0106 101 FORMAT (//5X, 30H1. THE SPILL I8 INSTANTANEOUS. )
re— 0107 102 WRITE (6, 103)
D 0108 103 FORMAT (/1X, 44HINPUT THE TOTAL SPILLED VOLUME (CUBIC METER))
S 0109 READ (9, «, ERR=102) TEM
v 0110 SPILLM = DENO » TEM
AR o111 WRITE (1, 104) SPILLM
v 0112 104 FORMAT (/5X, 24H2. TOTAL MASS OF SPILL =, E12. 95, 2X, 3HKG. )
- c
n 0113 108 CONT INUE
DN 0114 1 = SHAPE
0118 IF (1.EQ. 1) @0 TO 120
w ¢ ~==—= SPILL 18 IN OPEN WATER --—=-
LN 0116 STP = 1.2
SN 0117 0 TO 299
u 0118 120 CONT INUE
n c ~=== SPILL IS IN RIVER OR CHANNEL =~——-
b 0119 STP = 1.1
D! 0120 Q0 TO 299
¢
.;:x;,j 0121 200 CONT INVE
S c
s c
: ¢ CONTINUOUS SPILL
" c
0122 WRITE (1,201)
Rty 0123 201 FORMAT (//SX,27H1. THE SPILL IS CONTINUOUS.)
0124 204 WRITE (&, 209)
T 0129 203 FORMAT (/1X, 39HINPUT THE RATE OF DISCHARGE (CU M. /SEC))
73 0126 READ (93, », ERRm204) TEM
o 0127 SPILMR » DENC # TEM
S 0128 WRITE (1,206) SPILMR
L 0129 206 FORMAT (/3X,29H2. THE MASS DISCHARCE RATE = ,Fd. 3, 2X,
o !
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0130
0131
0132
0123
0134
0133

0136
0137
0138
0139
0140
0141
0142

0143
0144

0149
0144
0147
0148
0149
0130

0131
0132

267
208

210

20
222

b

|
|
|
!

|
WRITE (6,208)

PaslO e a " o i e e g St Agn S/ s g Sud IR A AR AL S I A She 0o T e S 3 AR St ad ad Mol A il S Tt AR AR
.. - . he - - - - CO R Y . " . Lt -t . e - - - - - P R e . - - - . . . - PP R T T

FORMAT (/1X, 44HINPUT THE TOTAL DURATION OF SPILL IN MINUTES)

READ (5, #, ERR=207) TSPILL

WRITE (1,210) TSPILL

FORMAT (/3X.29H3. TOTAL DURATION OF SPILL
TSPILL=TSPILL#&0.

CONTINUE

I=SHAPE

IF (I.EG 1) 60 TO 250

-—== SPILL MUST BE IN OPEN WATER -——--
IF (IC.NE.O OR. IW NE O) G0 rO0 240
~=== NO CURRENT ----

STP = 2 2

e0 TO 299

CONTINUE

----- - THERE 1S CURRENT =-=-—-

STP = 4.2 ‘

¢0 TO 299

CONT INUE

———— BPILL IS5 IN RIVER OR CHANNEL -=——
IF (IC.NE.O. OR. IW. NE.O) €0 TO 260

-—== NO CURRENT --—-

STP =i 2.1

€0 TO 299

CONT INUE

—————— THERE 1S CURRENT ==—-—-

STP =i 4. |

RETURN
END
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c SUBROUTINE SWITCH o
c THIS SUBROUTINE IS USED TO SWITCH THE CONTINUGUS ¢
e c MODEL TO THE PROPER INSTANTANEQUS MODEL AFTER. c
" c THE SPILL STOPS.... . . c
-~ €CCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCtCCCCCCCeececceececcece
e c
;:',; c THIS SUBROUTINE IS CALLED BY “SPREAD“. IT CHANGES A CONTINUOUS
- c SPILL TO AN INSTANTANESUS SPILL AFTER THE DISCHARGE STOPS, AND
c COMPUTES THE CENTER OF THE NEW INSTANTANEOUS SPILL SLICK.
c .
O 0001 9 JBROUTINE SWITCH
50 0002 ( MMON/STYPE/SPILLM. SPILMR, TSPILL, WS, STP, SPM
K 0003 ( JMMON/SIZE/R. D. Wi, L1, L2, H., RO
Za 0004 © CUMMON/CONTOUR/SHAPE, X (10}, Y(10), XC, YC. IC, IW, ISP, X0, YO
Al 0003 COMMON/RUNGE/YY(S), C(24), W(S, 30)
0006 CIMMON/CONSTAT/UC, VW, UTBAR, U0, U1, WT, ALPH, THETAL
0007 COMMON/CURRENT/URAR ( 10), DMOVE. UTOT, UTX, UTY, UREL ,
T, 0008 COMMON/MOVE/UPEAK (10), XLE, XTE, YLE. YTE, DELT, TIME, TSTOP, TCHECK
el 0009 COMMON/MLOSS/EVAPH, DISSOM
N2 0010 COMMON/SENSE/EVA (40, 10), DIS(40, 10}, THK(40, 10), TIN(40, 10),
N 1 PIP(40Q), TPT
e . 0011 COMMON/SPREAD/TII, ATK, HTK, ATN, HTN, HMIN, INDEX, IFLAQ
_“/a 0012 COMMON/CK/C10. C20, €11, €21, C12, C22, K10, K20, K11, K21,
" 0 o1 K12, k22 '
oo 0013 REAL K10, K20, K11, K21, K12, K22

0014 ISTP = 8TP

RHDSDIDLVLID DD ROV ELDRRR SRR SRS HSBRORRBB BRI DB B NBABBR DR B RS B2 99
I3TP = 2: CONTINUOUS SPILL WITH NO CURRENT;

ISTP = 4: CONTINUOUS SPILL WITH CURRENT
L e e e e T S R e R A T N S S S RS AT

RV

. . ry
OIS 000
OO0 O ©

N 0019 IF (ISTP.£Q. 4) QO TO 100
e 0016 SPILLM = SPILMR » TSPILL
u 0017 IF (STP.EQ. 2. 1) STP=1.1
- o018 IF (STP.EQ. 2. 2) 8TPw1.2
_\j 0019 ¢0 TQ 999
P.& c
ry 0020 100 CONTINUE
o~ 0021 IF (STP.EQ. 4 2) O TO 130
N 0022 SPILLM = SPILMR # TSPILL
!i 0023 XCmYY(1)/{2. »wd)
| c
.“:. C RBBPRBBBBBBBBBIRBDBIDBPBBBABDBRBDBBBBRREERRBDIBBBRRBRBSLRBRRBRBRBHRSS
e ¢ CENTER OF INSTANTANEOUS SLICK = CENTER OF CONTINUGUS SPILL
- c SLICK IF SLICK IS IN RIVER.
".: C BBBPBRDBBLBBBRBBBBBIBRLBBDBIRRBBERDIRBRIBRBBBBBBEBARLBBBRRBLDDBD
¢
Pd
é 0024 STP = {. 1
0028 60 TO 999
o 0026 130 CONT INUE
N 0027 , IF (SPM.QT.0.0) GO TO 200
0928 STP = 1.2
e
T
px
;l‘::
e . C-68
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0030
0031
0032
Q033
0034

AR £ AR SR SR O EARSE G R CATREA DA ATAELE AL AEAL L SCATLTALMEALMLASR SE at ot SRS A0 St S Hai A

200

ooooaono

]
[o]

s Ne Rz NeNeNe NN ‘N el

273

300

999

GO TO 999

CONT INUE

TEMPL = UTBAR » TSPILL
TEMP2 = 3.0 » SGQRT(YY(1))
XC=(2. /3. )#»(XLE-XO)
YC=(2. /3. #(YLE-YO)

BB BBBBBIRRDBBBRBBRRERBRDRRBBBBBPBBRRBSRBERRRBRRBBRRBRBRBREDEDSR

. CEMTER OF INSTANTANEDOUS SLICK = CENTROID OF TRIANGULAR

CONTINUQUS SPILL SLICK IN OPEN WATER.
L R N T SRR TR T R L LR Ry A Lol £ 2 T T T Y ¥ S Aoy egeg oy

IF (TEMP1.LE. TEMP2) GO TO 2%0
SPILLM = SPILMR # TSPILL

STP = 1.2

G0 TO 999

CONTINUE

L S T e e g e T I T T T A WA S
NEED TO LET SPILL SPREAD LIKE AN INSTANTANEQUS SPILL IN A

RIVER UNTIL IT SPREADS ENQUGH SO THAT 3#SGRT(THICK SLICK AREA)
IS GREATER THAN LENGTH OF SLICK.

L2 2o et i 222 S Sl 22 2 et Il SRSt 22 2 Xt T S REE RONY RN E Y

SPILLM = SPILMR # TSPILL

STP = 1.1
CALL TRANSP

CALL INTE(XEND)

CalLlL MOVE

I = TImE

IXK = TPT

MD=MOD( I J, 1K)
DIC=ABS(TIME-FLOAT(IU))
IF(DIC. QT. DELT) QQTO 300
IF (MD.NE. O) QO TO 300
CALL PRINTO

TEMPL = UTBAR » TSPILL
TEMPZ2 = 3.0 » SARTIYY(1))

S IF(TIME. QT. TSTOP) CQTO <999

IF (TEMP1. LE. TEMP2) GO TO 273
STP = 1.2

IF (TIME. CT. TSTOP) GO TOQ 999
IF (YY(3). LT . HMIN) GO TQ 999

CONTINUE
RETURN
END
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0001
0002
0003
0004

0005
0006
Q007

0008
0009
0010
Qo011
0012
0013

0013
0016
0017

' 0018

0019

0020
0021

............
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SUBROUTINE TRANSP
COMPUTING THE SURFACE TRANSPORT VELOCITY

o ol ol o ol el o of of of of of of of of of of of of oY of o of of o of of o of ot o of of of o{ o d o{ oY o] of of o] of of T o} oY o o e o o{ Y e X oY o ol oY o o{ o] o oY o o o
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- 0
o
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s NeReNe NeN o N e Ne N A N e N O

N0 ooo

THIS SUBROUTINE IS CALLED BY 'SPREAD" AND INITIAL CONDITION

' SUBROUTINES "INT12A" AND "INIT4A". T COMPUTES THE SURFACE

TRANSPORT VELOCITY OF THE SLICK AND THE RELATIVE WIND OVER

“THE SLICK AT THE DESIRED TIME.

## UTX,UTY = COMPONENTS OF TRANSPORT VELOCITY, M/SEC
## UTOT = TOTAL TRANSPORT VELOCITY., M/SEC ‘

## UREL = RELATIVE WIND, M/SEC

SUBROUTINE TRANSP
COMMON/MOVE/UPEAK (10), XLE, XTE, YLE, YTE, DELT, TIME, TSTOP, TCHECK

- COMMON/CONTOUR /SHAPE, X(10),* (10), XC, YC, IC, IW, ISP, X0, YO

COMMON/TRANSIT/UX(1Q, 10),UY(10,10), VWX (10),
VWY (10), THETA(10), TTI(10).,. ID, IT, IV,
XU(10), YU(10), TT(10)
COMMON/CONSTAT/UC, VW, UTBAR, U0, UL, WT, ALPH, THETA1L
COMMON/CURRENT /UBAR(10), DMOVE, UTOT, UTX, UTY, UREL
COMMON/STYPE/SP (LLM, SPILMR, TBPILL. WS, STP, SPM

J = SHAPE

ISTP = gTP

LT = O

LL = O

IC1 = IC + 1

IF (J.EQ. 1) €0 TO 100

————— IN OPEN WATER  —=——=——=

@0 TO (9,9, 10,20, 30) ICt

CONSTANT CURRENT OR NOQ CURRENT
Wi = UX(1, 1)
VR = Uy(t, 1)
0 TO 53

CURRENT IS FUNCTON OF LOCATION ONLY
LT = 1
@0 TO 30

CURRENT IS FUNCTION OF TIME ONLY
LL =
Q0 TO 40

CONT INVE

2 TR T T LR ey e R TRy Ry e e e S e e S LR S e s
STATEMENTS FROM HERE TO 38 DETERMINE BOX OR SLICE IN WHICH
LEADING EDQE OF A CONTINUOUS SPILL SLICK LIES OR IN WHICH

THE CENTER OF AN INSTANTANEOUS SPILL SLICK LIES.

## L = BOX OR SLICE NO. (AT END OF STATEMENTS).
L Ry e RS T ST L s ey Y e e e e T S S S e PR LS B2
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. 0023 ID=3
0024 IF(J. QE. 3) ID=9
0025 DO 3% LL=1,1ID
0026 IF(ISTP. EQ. 2. OR. ISTP. EQ. 4} THEN
0027 XL = XLE
0028 YL = YLE
0029 ELSE
0030 XL = XC
0031 YL = YC
0032 ENDIF
0033 IF(XL. GE. XU(LL). AND. XL. LE. XU(LL+1)) LL1=LL
0034 IF(J. GE. 3) GOTD 3% i .
003% IF(YL. QE. YU(LL). AND. YL. LT. YUtLL+1)) LL2=LL
0036 3s CONTINUE :
0037 IF(J. GE. 3) LL=1t 1
. 0038 IF(J. GE. 3) QOTO 38
- 0039 IF(LL2. EG. 1) Li=LL1

0040 IF(LL2. EG. 2) LL={L1+3
0041 IF(LL2. EQ. 3) LL=iL1+&
0042 as CONTINUE

. 0043 39 IF (LT.£G.1) 60 TO %0

* 0044 40 DO 45 LT=1, 10

| 0045 IF (TIME. CT. TI(LT)) G0 TO 4%

: , 0046 ' ¢0 TO 49
0047 4% CONTINUE
0048 49 CONTINUE

c

C E T L R e IR RIS R A A AR PR

c IF CURRENT IS ALSO A FUNCTION OF TIME, INTERPOLATE IN THE BOX
. c OR SLICE TO FIND VALUE AT DESIRED TIME.
: c
(o

L Y

AR A2 2 S L2222 2T a2 222t X2 sd il il s ]

4
D c049 UUL = UX(LL, LT=1)+CUX (L, LTI =UX{LL, LT=1)) %
b 1 (TIME-TI(LT-1))/(TI(LT)=-TI(LT-1))
i 00%0 UU2 = UY(LL, LT=1)+¢UY(LL, LT)-UY(LL, LT=1) )%
. 1 (TIME-TI(LT=1))/(TI(LT)-TI(LT-1))
] 0031 ¢g TO 35
. 0082 50 CONTINUE
. c
: ¢ ## UUL,UU2 = CURRENTS IN BOX OR SLICE AT DESIRED TIME =+
: c
. 00%3 UUL = UX(LL,LT)
. 0054 ‘ W2 = UY(LL,LT)
] 0055 85 IF (IW.CT. 1) 60 TO 70
COSé 60 Wl = VWX(1)
§ 0057 W2 = VWY(1)
, 0058 @0 TO 50
0039 70 DO 73 I=t, 10
) 0060 IF (TIME.GT. TT(I1)) GO TO 75
. 0061 €0 TQ 79
0062 7% CONTINUE
c %% IF WIND = F(TIME), INTERPOLATE TO FIND WIND AT DESIRED TIME
c

0043 79 Wl = VWX (I=1)+ (VWX (1) ~VWX(I=1))#(TIME-TT(I-1))/

e T T U P
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0064

0065

00466

0067

0067

0070

0071
0072

0073 .

0074
0073
0076

0078
0079
0080
oosi

0082

0083

0084
o083
0086

0087
0088

At e

100

120

130

139

(TT(D)=TT(I-1))

VAL W, N, T N, "-r B L A N LT l"l"""“

AR MR r it o SRR IR e S S Ak ar Ak nd b E LR ba ok 4

W2 = VWY(I- 1)*(VHY(I)-VHY(I 1))#(TIME-TT(I~ 1))/

(TT(I)=-TT(I-1))

CCHNTINUE

UTX = UU1 + 0. C5#W1
UTY = Uu2 + 0. 035#W2

UREL = SART((UTYX=-W1)##2. <+ (UTY-W2)##2 )
UTOT = SGRT (UTX##2+UTY##2)

0 TO 999

————— o qtte i

CONTINVE

IF (IC.LE 1) €0 TUO 120

UC = UQ + UL#SIN(S. 28318/HT'(TIHE*ALPH))

IF (IW. LE. 1) THEN
VWX X=/W#COS(THETAL)

@070
ELSE
ENDIF
DO 130

140

I=1, 10

IN RIVER OR CHANNEL ———————

IF (TIME.LT.TT(1)) €0 TO 135 .
CONTINUVE

## IF WIND = F(TIME),

INTERPOLATE TO FIND WIND AT DESIRED TIt

VWXX = VWX{I=1)+(VWX(I)=-VUX{I-1))M(TIME-TT(I-1))/

(TT(L)=-TT(I~-1))

VWYY = VRY(I=1)+ (VWY (I)=VHY(I-1))#(TIME-TT(I~-1))/

(TT{(1)-TT(I-1))

UTX = UC + 0. 033#VWXX
UREL = SGRT((UTX=VWXX)##2 +(VWYY)##2 )

UTaT =

UTx

RETURN
END
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’ c SUBROUTINE UERTST
. ¢ PRINTS A MESSAGE TO INDICATE AN ERROR CONDITION IN
% ¢ THE RUNGE-KUTTA ROUTINE “RUNKUT™.
3 CLCCCLLCLCLCCCECCCCCCCCCCCCLLECCCECCCCCCCCLCCCCeCeeeceecceeeeecceeceececee
v ¢
; c THIS SUBROUTINE IS PART OF THE RUNGE-KUTTA INTEGRATION
¢ ¢ ROUTINE "RUNKUT".
c

: 0001 SUBROUTINE UERTST(IER, NAME)
- . C
- c SPECIFICATIONS FOR ARGUMENTS
I‘ . . c
- 0002 INTEGER IER
. 0003 DOUBLE PRECISION NAME
i . 0004 DOUBLE PRECISION NAMSET, NAMEQ
? 0005 DATA NAMSET/&HUERSET/
v 0006 DATA NAMEG/&H /
. 0007 DATA LEVEL/4/, IEGDF/0/, IEG/ 1H=/
. 0008 IF(IER. @T. 999) €OTO 2%
R 0009 IF(IER. LT. -32) ©OTO 55
- 0010 IF(IER. LE. 128) OTO &
1 0011 IF(LEVEL. LT. 1) GOTO 30
. 0012 CALL UGETID(1,NIN, IOUNIT)
- 0013 IF(IEGDF. EQ. 1) WRITE(IOUN-T,35) IER, NAMEQ, IEQ, NAME
N 0014 IF(IEGDF. EQ. 0) WRITE(IQUNIT,35) IER, NAME
. 0015 20T0 30 '
N 0014 ] IF (1ER.LE. 44) GOTOD 10
I . 0017 IF(LEVEL. LT. 2) @OTO 30

- c
K c PRINT WARNING MESSAGE WITH FIX
o Cc
5 0018 CALL UGETIO(1,NIN, IQUNIT)
R 0019 IF(IEQDF. EQ. 1) WRITE{IOUNIT, 40) IER, NAMEQ, 1EG, NAME
o 0020 IF(IEGDF. EQ. 0) WRITZ(IOUNIT, 40) IER, NAME
s 0021 &0TO 30
i 0022 10 IF(IER. LE. 32) QOTO 1%
N ¢
- c PRINT WARNING MESSAGE
N ¢
. 0023 IF(LEVEL. LT.3) @OTO 30
- 0024 CALL UQETID(1, NIN, IDUNIT)
2 002% IF(1EQDF. EQ. 1) WRITE(IDUNIT, 45) IER., NAMEQG, IEQ, NAME
i 0024 IF(IEQDF. EQ. 0) WRITE(IOUNIT, 45) IER, NAME
. 0027 @070 30
. 2028 15 CONT INUE
N c
; cc CHECK FOR UERSET CALL
K C
E 0029 IF (NAME. NE. NAMSET) GOTO 25
3 0030 LEVOLD=LEVEL
. 0031 LEVEL=IER
: 0032 IER=LEVOLD
' 0033 IF(LEVEL. LT. 0) LEVEL=4
g 0034 IF(LEVEL. @T. 4) LEVEL=4

€-73
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0035
0036
0037

0038
0039
0040
0041
0042
0043

0044
00495

0047
Q048
0049
0050

)
, -
A S W O T TP

” o N
YA AT AT, :-" T N WL ML e e e e .\_- .'_~ TeTATR OB T e pT e L S L
¢0TO 30
29 CONTINUE
IF(LEVEL.LT. 4) €0TO 30
c
c PRINT MESSACE FOR UNDEF INED
c ) .
CALL UCETIO(1,NIN, IOUNIT)
IF(IEQGDF. EQ. 1) WRITE(IOUNIT, 50) IER, NAMEQG, IEQ. NAME
IF(IEGDF. EQ. O) WRITE(IOUNIT, 50) IER. NAME
30 IEGDF=Q
RETURN ‘
33 FORMAT(19H ##«# TERMINAL ERROR, 10X, 7H(IER = , I3,
s - 15H) FROM ROUTINE . 1A, AL, 1A6) . )
40 FORMAT (36H ##+# WARNING WITH FIX ERROR (JER = , I3,
1 15H) FROM ROUTINE , 1A&, Al, 1A6)
43 FORMAT(18H ##+ WARNING ERROR, 11X, 7H(IER = , I3,
15H) FROM ROUTINE , 1Ad, Al, 1A4)
80 FORMAT (20K #%# UNDEFINED ERROR, 9X, 7H(IER = , I3,
s 15H) FROM ROUTINE , 1Aé.Al, 1A6)
53 IEQDF =}
60 NAMEG=NAME
&3 RETURN )
END

e

v

- - > "
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I : ¢ SUUBROUTINE UGETIO c
c RETRIEVES CURRENT VALUS AND SETS NEW VALUES FOR INPUT c
S ¢ AND OUTPUT UNIT IDENTIFIERS. ¢
" . CCCCCCLCCCCCCCCCCCCCCCCCLCCECCCCCCCTCCEaCCeicCCeClCCCCCCCCCCCCCCCCCCCeCe
. c
- c THIS SUBROUTINE IS PART OF THE RUNGE-KUTTA NUMERICAL INTEGRATION
. c " ROUTINE "RUNKUT", ' :
c
I 0001 SUBROUTINE UGSTIO(IOPT, NIN, NOUT)
: 0002 INTEGER ISFT, NIN, NOUT
. 0003 ' IMTEZGER NIND, NOUTD
. 0004 DATA NIND/1/, NO'TD/2/
. 0005 IF(10PT. EQ. 3) GOTO 10
; 0004 IF(10PT EQ. 2) GOTO S
' ] 0007 IF(I0PT.EG. 1) GOTOD 900%
i - 0008 NIN=NIND
. 0009 . NOUT=NOUTD
: 0010 ©0TO 9005
: 0011 s NIND=NIN
N 0012 GOTO $00S
v 0013 10 NOUTD=NOUT
’ 0014 900% RETURN
: 0015 END

aTa e

e 4G wmemam .
. .
"
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0001

o002 -

0003
0004
00085

0006
0007
0008
0009
0010

0011
0012
0013

- 0014
0015

0016

0017
o018

0019

c
c
<

CCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
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CCCCCCCCCCCCCCCCbCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCfCCCCCCCCCCCCCCCC
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SUBRGUTINE UTPEAX .
THIS SUBROUTINE IS DESIONED TO DETERMINE THE MAXIMUM
TRANSPORT VELOCITY (WhEN IT IS A FUNCTION OF TIME)

THIS SUBROUTINE 1S CALLED BY “SPREAD". 1T CALCULATES THE

VELOCITY USED IN THE SPREADING HODELS, UC + 0. 035 # VW (COMPONEN

AND FINDS THE MAXIMUM OF lT FOR LATER USE.

4 VARIABLE NAME: ##

UTPEAK(I) = MAXIMUM VALUE OVER TIME OF UC + 0.08% #VW (COMPONENT]
IN EACH OF THE 9 SLICES OR BOXES.
FOR A RIVER, I = 1.

SUBROUTINE UTPEAK
COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM -
COMMON/CONTOUR /SHAPE, X(10), v(xo).xc.vc,xc.zu.xsp,xo.vo
COMMON/CONSTAT /UC, VW, UTBAR, U0, UL, WT, ALPH, THETAL!
COMMON/TRANSIT/UX (10, 10), UY(10, 10), VWX (10),

VWY(10), THETA(10), T1(10), ID, IT, IV,

XU(10), YU(10), TT(10)
COMMON/MOVE/UPEAK (10), XLE, XTE, YLE, YTE, DELT, TIME| TSTOP, TCHECA
COMMON/SPREAD/TI1, ATK, HTK, ATN. HTN, HMIN., INDEX, IFLAG
1 = STP
J=SHAPE
IF (JU.NE. 1) G0 TO 100 , , -

IN RIVER OR CHANNEL | .
UPEAK(1)=0. 0 - 4
IF (IC.EQ. 2. AND. IW. LE. 1) Q0 TO 20

0 TO 30

li{{i’{i&{QQ{{Q{4QQ*'QQQ.{Qf’i’{”!”i’!f’*”ﬂi#iii*i{l*{i*lff{ﬁ
CALCULATE UPEAK(1) = PEAK VALUE OF UC + 0.035 #: VW
FOR A TIDAL RIVER T
e D g e e g e e e e s e |

|
UPEAK (1)=(UO+U1)+0Q. O3S#VW#COS(THETAL)
Q0 TO 999

|
|
CONTINUE |
DO SO 1=1,10 |
IF (IC.EQ.1) GO TO 45 |
LAl o222 R Rl sl i 82 22 2ot 2ot 222t 2d st Q**i%fﬁ
CALCULATE AVERAGE VALUE OF VALUE OF TIDAL CURRENT FROM
T =0 TOT = TT(1) AND ADD WIND COMFONENT TO COMPUTE
DUMMY VARIABLE UTOTAL. THEN SET UPEAK(1) EGUALTO MAXIMUM

UTOTAL.
’*’QQQQ’Q*’{Q{“Q’*‘IQQ*Q{#Q*Q**’Q*.’QQC’*Q{’t-ﬁ*il{"Qii#**’l**#iﬂ

UCHUO+U1*UT/(2.O*3.14159)*(—COS(6.28318/HT*(TT(I)+ALPH))+

!
i
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1 COS (6. RBIL1B*ALPH/WT ) )
0020 43 UTOTAL=UC+0. O33#VWX(I)#THETA(I)
oozt IF(UTOTAL. @T. UPEAK (1)) UPEAK(1)=UTOTAL
‘ 0022 SO CONT INUE )
- 0023 eQ TO 999
c .
c - .
< IN OPEN WATER
c
c
0024 . 100 CONTINUE
002S DO 103 I=t, @
0026 UPEAK (1) = 0.0
0027 108 CONTINUE
028 DO 200 I=1,9
: 009 DO 180 J=1, 10
- ’ G030 IF (IW EQG Q) @0 TO 120
0031 Wi = VWX(1)
Q032 ' W2 = VWY (1)
0033 0 TO 140
0034 120 DO 128 K=1,10 ‘
0033 | IF (TIC(J). EQG TT(K)) @O TO 13%
0034 IF (TI(J).LE TT(K)) QQ TO 130
0037 129 - CONTINUE :
. c
c T Y T T Y Py e R R Ry )
c INTERPOLATE TO FIND WIND SPEED AT TIME TI(1) CORRESPONDING 7
C CURRENT INPUT. (TT(I) MAY NOT BE SAME AS TI(I1) )
(o BEBBERBRERNBBBS BRI RBAERBBRRIRIBABRRRBASBNVDRARBEBRGA BB ERR
. C
0038 130 Wi = VWX (K=1)+ (VWX (K)=VWX(K=1))#(TI(J)=TT(K=1))/
1 (TTR)-TT(K=1))
0039 W2 = VWY (K=1)+ (VWY {(K)=VWY (K=1) ) (TI(J)=TT(R~1))/
1 (TTRI=TT(KR-1))
- 0040 0 TO 140
0041 139 Wl = VWX (K)
0042 W2 = VWY (R)
0043 140 UUL = UX(I, J)+0. 033#41
0044 WURQ = UY(1, J)+0. 033+W2
0043 UTOT = SART(UUL #42+UU2%e2)
c
c VPHRBBBANABRERBAI DR BRRNRNBBRDBABI SRR ANRBRIBLBABEBINRNNRBRB 2000
¢ CALCULATE MAXIMUM VALUE OF UPEAK FOR EACH OF THE NINE BOXES
c DR SLICES FOR THE WHOLE TIME DURATION
¢ BRBBRRRNDRIR ARG RN ORIV BRRIIRRRANANARARARAREINRBRRORBIRRRONS
C
0044 IF (UTOT. @T. UPEAK (1)) UPEAK(1)=UTOT
c047 180 CONT INUE
0048 200 CONTINUVE
.o 00479 999 RETURN
00350 END
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Do 0001 ' SUBROUTINE WATER (TA, RHO, VMU)

c
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i ¢ THIS SUBROUTINE 1S USED TO CALCULATE WATER PROPERTIES
SO ¢ IT IS CALLED BY PROGRAM “DMODEL".

‘iﬂ A A d A A A o A A A A S T of A L A A o el el ed o f ol e el A ol ed L ol f oL A of o

¢

e ¢ REF: ROBERT L. LOWELL JR. AND ELI RESHOTKO, "NUMERICAL

o ¢ STUDY OF THE STABILITY OF A HEATED WATER BOUNDARY

- ¢ LAYER", CASE WESTERN RESERVE UNIVERSITY,

o ¢ FTAS TA 73-93 (1974)

RSS c ‘

- ¢ T = ABSOLUTE WATER TEMPERATURE (DEG K)i BAME AS AIR

¢ CP = SPECIFIC HEAT OF WATER, JOULE/OR-DEG ¥

¢ RHO = DENSITY OF WATER, KQ/CU. M

e ¢ VMU = KINEMATIC VISCOSITY OF WATER. SG. M/SEC

e c

BN ¢ CALCULATE SPECIFIC HEAT OF WATER

.-"- C

RO

P 0002 | T = Ta + 27319

£ 0003 CP = 2 13974-9 68137E-3#T+2 48334E-3eT#e2~2 42139E-8#Tee3

e 0004 CP = CP o 4 18%8

oy ¢

o c CALCULATE DENSITY OF WATER

e ¢

Iy 0009% RHO =1 ~((TA-3. 9863) %24 (TA+286. 9414)) /(3068929 2%(TA+68. 12963

y 0006 IF (TA _EQ. 0 ) €O TO S

A 0007 RHO = RHO + 0. 011443 » EXP(-374.3/TA)

i oco8 s CONTINUE :

W 0009 RHO = RHO # 0. 999973

oY c ,

e ¢ CONVERT FROM UNIT OF GM/CU. CM TO K@ / CU. M.

! c

*n 0010 RHO = RHO # 1000.0

- c

e ¢ CALCULATE VISCOSITY OF WATER

DN c ‘

i 0011 TD = TA - 20

o 0012 IF (TA .LT 20 ) 60 TO 10

e 0013 RLOGMU = ~(1 37023#7D+8. J4E-44TD#22)/(109. +TA)

o 0014 VMU = 0. 01002 » (10. e« RLOGMU)

5% 0013 GO TO 20 _

i 0016 10 RLOGHMU = 1301. / (998. 333 + B. 1853+TD+0. 00383eTD#e2)-3 30233

N\ 0017 VMU = 10. #» RLOGMU

N 0018 20 CONTINUE

S ¢

':Q; - . CALCULATE KINEMATIC VISCOSITY

P ¢

—— 0019 VMU = (VMU / 10.0) / RHO

o 0020 RETURN

e 0021 END

= |

o
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SUBROUTINE WBS .
WATER BODY DESCRIPTION
(GEOMETRY & CURRENT)

(sl dol ool el el el ool e ol o ol ol o} ol sl of of of ef o o of o of o o} of ef e of o2 of of of of o oY S oY of of o of ol o { S S o o} 1 o §

D000 0

OO0

10
11

12

s Xa N2l

THIS SUBROUTINE 1S CALLED BY PROGRAM "DMODEL". IT ASKS FOR
THE INPUT NEEDED TO DESCRIBE THE WATER BODY AND ITS CURRENTS
IT SETS UP THE FOLLOWING CODE THAT 1S USED IN OTHER SUBROUTINE!

#¢ 1 0 (= SHAPE < 2.0 =RIVER ##
SHAPE = {. .0 IC = O : NO CURRENT
SHAPE = 1. 1 IC = ] : CONSTANT CURRENT
SHAPE = 1.2 IC = 2 : TIDAL RIVER
#e 2 0 < SHAPE € 3.0 s_AKE =%
SHAPE = 2 1 : CIRCULAR LAKE
SHAPE = 2.2 : RECTANQULAR LAKE
SHAPE = 2.3 . ARBITRARY LAKE
## 3 0 < SHAPE =COAST
SHAPE = 3.1 : STRAIQHT CDAST
SHAPE = 3 2 : ARBITRARY CODAST
FOR LAKES AND COASTS, THE CURRENT CODE IS:

IC = 0 : NO CURRENT

JIC = 1 : CONSTANT CURRENT

IC = 2 : CURRENT = F(SPACE)

IC = 3 : CURRENT = F(TIME)

IC = 4 : CURRENT = F(SPACE AND TIME)

SUBROUTINE WBS
COMMON/CONTOUR /SHAPE, X(10), Y(10), XC, YC, IC, IW, ISP, X0, YO
COMMON/SIZE/R, D, WW, L1, L2, H, RO
COMMON/STYPE/SPILLM, SPILMR, TSPILL, WS, STP, SPM
COMMON/CONSTAT/UC, VW, UTBAR, U0, UL, WT, ALPH, THETAL
COMMON/TRANSIT/UX (10, 10), UY(10, 10), VWX(10),
VWY (10), THETA{10), TI(10), 1D, IT, IV,
XUC10), YUCL1O), TT(1O)
~~= IN THE CURRENT PROCRAM, THE UNIT NUHBER FDR THE
INPUT AND OUTPUT DEVICES ARE:

1 = WRITE ON DISK FILE
5,4 = READ OR WRITE FROM CONSOLE

WRITE(1, )

WRITE (6. 3)

FORMAT (1HO/ /58X, JOMHS 2802888000008 000000200000080/
SX, 1He, 3X, 2HWATER BODY DESCRIPTION, 3X, iH#/

VX, FCHESB 222008020203 0222 22052289809

WRITE (4,11)

FORMAT (/1X,38HIS SPILL IN RIVER OR CHANNEL? Y/N )
READ (5, 12, ERR=10) ICH

FORMAT (AL)

IF (ICH EQ °'N’) GO 7O 100

—-——— — o i o .

s - s s 2t A s S "~ -~ A - " "

SPILL IS8 IN RIVER OR CHAMNNEL
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0013
0016
0017
0018
0019

0020
0021
0022

0023
0024

0023
00ké
0027
0028
0029
0030

Q043
0044
0043

[SEVE ]
[V 39 V]

26

27 .
127

<8

OO0

30
32

40
41
42

o0on

a3

P L e e e —w e . s . T
IS PR TS LR S TR DA SEL PR PRASSE A L PR At LA R Rt Tt Al

- FOR A RIVER OR CHANNEL:

WW = WIDTH, ™
D = DEPTH, M
RO = BOTTOM ROUGHNESS, M
UC = CURRENT, M/SEC

#IF THE CURRENT IS TIDAL,
UC = U0 + Ul # SIN(2. # Pl # (T + ALPHA)/WT)

WHERE T = TIME, SEC
WT = PERIOD, SEC

CONTINVE

WRITE (1,22)

FORMAT (//5X,29H1. THE 8SPILL IS IN A CHANNEL. )

WRITE (6,2%)

FORMAT(/1X, SIHGIVE THE WIDTH AND DEPTH OF THE CHANNEL (IN METI
%))

READ (S, #, ERR=24) WW.,D

WRITE (1,26) WW.D

FORMAT (//5X,30H2. THE QEOMETRY OF THE CHANNEL/, 8X,
1 12HW = WIDTH = ,EL12. 5. 6HMETERS/. BX,
2 124D = DEPTH = ,E12. 3, 6HMETERS)

WRITE (6.127)

FORMAT (/1X, SOHINPUT THE BOTTOM ROUGHNESS(METERS) OF THE CHAN?
‘> Il /' .
11X, SIHINPUT ZERO, O IFf YOQU WANT TO USE THE DEFAULT VALUE.)

READ (3, », ERR=27) RO

IF (RQ.EQ. 0 ) RO=0. 03584+D

WRITE (6,29

FORMAT (71X, 36MIS THERE CURRENT IN THE CHANNEL? Y/N)

READ (3,12, ERR=28) ICH

IF (ICH.EQ. ‘Y’) o0 TO 40

=== NOQ CURRENT -==--
IC = 0O

SHAPE = 1.0

UC=Q,

H=Q.

WRITE (1,32)

FORMAT (//9X,30H3. THE CHANNEL HAB8 NO CURRENT.)
0O TO 4600

CONTINVE

WRITE. (&, 42) :

FORMAT (/1X,24HIS IT TIDAL CURRENT? Y/N)

READ (3, 12, ERR=41) ICH

IF (ICH. EQ. ‘Y’) QO TO 30

=== NON-TIDAL CURRENT ==-=-
SHAPE = 1 |

IC = §
WRITE (6, 43)

C-80
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0044 45 FORMAT (/1X, 31HCURRENT SPEED MUST BE CONSTANT. /
1 1X, 29HINPUT CURRENT SPEED METER/SEC)
0047 READ (S, #, ERR=44) UC
0048 WRITE (1,48) UC
0049 48 FORMAT (//%X,27H3. IT 1S NOT A TIDAL RIVER. /BX,
1 42HTHE CURRENT SPEED IS CONSTANT AND EGQUAL TO.F10. 3.
2 2X, 10HMETER/SEC. )
0050 €0 TO 600
¢
c -~-- TIDAL RIVER ————-
c ~ .
RN 0031 s0 CONTINUE
R 0052 52 WRITE (&, 54)
R 0053 34 FORMAT (/1X, 39HTHE TIDAL VELOCITY CAN BE WRITTEN AS : /

BX, 44HUC = UQ + Ul # SIN (2#3. 1416/WT#(TIME+ALPH) )/
1X, SOMINPUT UO (M/SEC), Ul  (M/SEC), WT (MIN), ALPH (MIM

A At teTT e
. B A .
s Lt
. ..
W Tt
]
-

e et

: 0034 READ (3. #, ERR=32) UQ, UL, WT, ALPH
. Q0355 SS WRITE (1,%6) U0, UL, WT, ALPH
- 00356 Sé FORMAT (//3X,23H3. 1T IS A TIDAL RIVER. /

s % '

8X, Z3HTHE CURRENT VELOCITY 1S/

16X, 44HUC = UO + Ul » SIN (2%3. 14186/UWT(TIME+ALPH) )/
8X, 11HWHERE U0 = , F12 2,2X, SHMETER/SEC/

14X, SHULl = , F12. 2, 2X, IHMETER/SEC/

“ %

\"i L
ol s
CUdWN -

e 14X, SHWT = , F12. 2, 2X, 3HMIN/
ol 14X, SHALPH=, F12. 2, 2%, 3HMIN)
T 0057 WT=WT # 0.
,:'/ . 00%8 ALPH=ALPH » 40
N 00359 . 1C =2
u 0060 - SHAPE = { 2
= 0061 Q0 TO 600
o c
¢
. c SPILL IS IN OPEN WATER
"l C
r'l".‘ ] c
l‘ 0062 100 CONTINUE
gt 0063 101 1C=0
g 0064 102 WRITE (4, 104)
N 0063 104 FORMAT (/1X, 17HIS IT A LAKE? Y/N)
- 0066 READ (8, 12, ERR=102) ICH
2 0067 IF (ICH.EG. 'N’) GO TO 200
o ¢
c —-= SPILL IN LAKE ==--
N ¢
o ¢ FOR A LAKE:
i~ c D = DEPTH, M
o c R = RADIUS OF CIRCULAR LAKE, M
o ¢ L1, L2 = LENGTH AND WIDTH OF RECTANGULAR LAKE, M
w~ ¢ X(I),Y(1) = COORDINATES OF BOUNDARY OF IRREGULAR LAKE, M
- c
P 0068 110 WRITE (6, 112)
SR 0069 112 FORMAT (/1X, 26HIS IT A CIRCULAR LAKE? Y/N)
A 0070 READ (3,12, ERR=100) ICH
) 0071 IF (ICH.EG. 'N’) GO TD 140
Al c
i
..::t
o
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Q072
0073
0074

Q073
Q076
0077

0078

0079
0080
0081
0082

0083

ooes

0086
0087
voes

0089

0090
0091
0092

0093
0094
0093
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120
122

124

130
132

154

[eNeNe e Nl

a0

160

162

144

(AN N

WA=

=== CIRCULAR LAKE —--

SHAPE = 2. 1
WRITE (6, 122)
FORMAT (1X, 46HCIVE THE RADIUS AND DEPTH OF THE CIRCULAR LAKE,
/71X, 14H(UNIT : METER))
READ (S, », ERR=120) R, D
WRITE (1,124) R.D
FORMAT (//95X,35H1. THE SPILL IS IN A CIRCULAR LAKE. /
/73X, 29H2. THE QEDMETRY OF THE LAKE: /
8X, 12HR = RADIUS =, E12. 9, 2X, 6HMETERS/
8X, 11HD = DEPTH =, E12. 5, 2X, 6HMETERS)

o sl sl 22 Sl 2 S sl sttt 2ot e ottt

TRANSFER TO STATEMENTS DESCRIBING CURRENT
e st 2 2SI I R e R R e R Y A IR YR R R A A I R R AR

¢0 TO 500

WRITE (6, 142)

FORMAT (/1X,29HIS IT A RECTANGULAR LAKE? Y/N)
READ (9, 12, ERR=140) ICH .

IF (ICH. EQ. '‘N’) @0 TO 160

=== RECTANQULAR LAKE -——--—

SHAPE = 2.2
WRITE (6, 132) ‘ . :
FORMAT (/1X, 4SHGIVE THE LENGTH (L1), WIDTH (L2) AND DEPTH OF.
194 THE LAKE. (METERS)/2X,
SSHTHE POINT X=0, YmO 1S THE LOWER LEFT CORNER OF THE LAKE.)
READ (%, ®, ERR=1%0) L1,L2,D
WRITE (1, 154)
FORMAT (//%X.38H1. THE SPILL IS IN A RECTANGULAR LAKE. /
//%X, 30H2. THE DIMENSION OF THE LAKE :/
8X, 13HL1 = LENGTH = ,Ei2. 9, 2X, 4HMETERS/
8X, 13HL2 = WIDTH = ,E12.5, 2X, HMETERS/
8X, 13HD = DEPTH = ,E12. 9. 2X, 6HMETERS)

basa s 2o st 2 2 S 2l oot ot od i ettt ottt sl 2

TRANSFER TO STATEMENTS DESCRIBING CURRENT
RRRRBRBERRIRBFHERRRDBER R BHDRH TR ERIE BRI IS 9090-90 309043630 4 4

@0 TC 300

—=w= LAKE W/ ARBITRARY SHAPE ~—-

CONTINVE

WRITE (&, 162)

FORMAT (/1X, 4SHTHE SPILL 1S IN A LAKE WITH ARBITRARY SHAPE. ,/
1X, 98HDESCRIBE THE SHAPE WITH 10 PAIRS OF X, Y COORDINe

(METERS). (0,0) SHOULD BE NEAR THE SPILL SITE.)

SHAPE = 2. 3
WRITE (1,164)
FORMAT (//3X, 46H1. THE SPILL IS IN AN IRREQULARLY SHAPED LAKE

€-82



SX, 47H2. THE FOLLOWING POINTS SPECIFY THE BOUMDARY OF,
10H THE LAKE. )

) »

M S

c
N
. :}. C a2 222 2 22 o222l 2 222 22222 2 22 222X 2 R 2222 2 2y
- c TRANSFER TO STATEMENTS DESCRIBIMG IRREGULAR SHAPE
,'-\ (o LA 2 22 22222 222 222222222 222 2222 2R 22222 2 2 Y2 ot X Ry R E ARy
- C
!] 0095 " @0 TO 300
: c
< c ~——~ SPILL MUST BE IN COASTAL WATER ———
L c
M c FOR A CDAST:
Ny c D = DEPTH, M
o ¢ X(1),Y(1), X(2),Y(2) = TWO COORDINATES DESCRIBING A STRAIGHT
‘ ) ¢ COAST LINE, M '
- c X(I),Y(1) = COORDINATES DESCRIBING AN IRREGULAR COAST LINE, |
oo c ’ -
e 0057 200 CONT INUE
v 0098 WRITE (&, 202)
Y 0099 202 FORMAT (/1X,31HSPILL MUST BE IN COASTAL WATER.)
o 0100 203 WRITE (&, 204)
] 0101 204 FORMAT (/1X, 23HIS COAST STRAIGHT 2 Y/N)
e 0102 READ (S5, 12, ERR=203) ICH
o 0103 IF (ICH.EQ. ’N’) O TO 220
- ~
- c ~——— STRAIGHT COAST LINE -=----
o c
o 0104 SHAPE = 3.1
H - 0105 WRITE (1, 210)
) 0106 210 FORMAT (//5X, 42H1. THE SPILL OCCURS IN COASTAL WATER WITH ,
e 1 20HSTRAIGHT COAST LINE.)
N 0107 211 WRITE (6, 212) _
- o108 212 FORMAT (/1X, 36HGIVE THE DEPTH OF THE COASTAL WATER.)
o 0109 READ (S, #, ERR=211) D
- 0110 214 WRITE (&,215) »
ﬂl o111 215 FORMAT (/1X, 62HGIVE 2 (X,Y) COORDINATES OF THE STRAIGHT COAST L
o $E IN METERS.)
=) 0112 READ (5, #, ERR=214) X(1), Y(1), X(2), Y(2)
- 0113 WRITE (1,218) D, X(1), Y(1), X(2), Y(2)
0114 218 FORMAT (//SX,34H2. THE DEPTH OF THE COASTAL WATER IS,

L
=

BN~

E1R2. %, 2X, bHMETERS/8X, 31HTHE COAST LINE IS5 QIVEN BY THE
1HFOLLOWING 2 POINTS. / .
20X, 1HX, 17X, 1HY/10X, 1H1, 3X, E12. 5, 5X, E12. 5/

10X, 1HR2, 3X, E12. 5, 5X, E12. 5)

F ]

=~ ¢
b\ .
:."'; ) C LA LA T ISR SRS SRS LRSS SRS R A S A SRS RS RS RS EELE L L
o c TRANSFER TO STATEMENTS DESCRIBING CURRENT
r\" C Ea 22222 2222222222222 ES SRS RS E L S 2R RSS2SR R L2 L)
o~
AY C
> 0115 0 TO 300
- c )
O o ———— IRREGULAR COAST LINE ~————
) C
" 0116 220 CONTINVE
o 0117 SHAPE = 3.2
y>i
__1"
.\“
.
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o118
0119

0120
o121

0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
013%
0136
0137
0138
0139

0140
0141
0142
0143
0144
0145
0144
0147

0148

0149
0130
0151
o152

223
222

224

WOoOoOao0n

301

302

306
309
310
320
321

WK -

1
$

WRITE (1,222)

FORMAT (//5X, 42H1. THE SPILL OCCURS IN COASTAL WATER HITH '
20HIRREQULAR COAST LINE//, 5X,
48H2. THE FOLLOWING POINTS SPECIFY THE BOUNDARY OF ,
11HCOAST LINE.)

WRITE (&, 224)

FORMAT (/1X, 48HTHE SPILL OCCURS IN COASTAL WATER WITH IRREGQULA
11H COAST LINE/
1X, 107HDESCRIBE THE COAST LINE WITH 10 PAIRS OF (X.,Y)

SORDINATES (METERS). (0,0) SHOULD BE NEAR THE SPILL ORIGIN.)

A A A2 2 Al ol P2 22 el 2l 2 22 2 et ottt ettt

STATEMENTS 300-324 INPUT IRREQULAR LAKE AND COAST SHAPES
Laa s 2222 S T A T R R R e s e Y S R R R S A T

CONT INVE

DO 301 I=1,10

READ(S, #, ERR=223)X (1), Y(I)
CONTINUE

WRITE (1,302)

WRITE (6,302) .

FORMAT (/13X, 1HX, 15X, 1HY)
CO 309 I=1, 10

WRITE (1,306) I,X(I),Y(D)
WRITE (&,306) I1.X(I),Y(D)
FORMAT (10X. 122X, E12. 5, 5X, £12. 5)

CONTINUE

CONTINUE

WRITE (64, 321)

FORMAT (/1X, 17HINPUT WATER DEPTH)

READ (5, #, ERR=320) D

WRITE (1,324) D -

FORMAT (10X, 18HTHE WATER DEPTH IS, E12. %. 2X, 4HMETERS)

AL LR S22 A2 2SS R R 222 R R R e ettt s St

STATEMENTS 300-600 INPUT CURRENTS
L2 L2 T T IRy e e T I Ay Y R s R e e

CONTINUE
WRITE (&, 502)

- FORMAT (/1X, 21HIS THERE CURRENT? Y/N)

READ (95, 12, ERR=501) ICH

IF (ICH.EQ. ‘'Y’) GO TO 510

WRITE (1, 504)

FORMAT (//%X, 23H3. THERE IS NO CURRENT.)
@0 TO 400

CONTINUE

=——= THERE IS CURRENT ==~—--

WRITE (4, 512)

FORMAT (/1X, 24HIS CURRENT CONSTANT? Y/N)

READ (5,12, ERR=%11) ICH .
IF (ICH. EQ. ‘N’ GQ TO 5317
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. 0153
0154

0155

0156
0137
0138

0139
. 0160
0161
0182
0163

0164

0165

- 0166

0167
. 0168
. 0169

0170

0171

0172
0173
0174

0175
0174
0177
0178

R L

NMNOOTOOO

514

Sié

317 .

0000

s NeNsReNg]

1005

1020

[o]
A
(4]

GO0 OO -

B T TSI R I IR I A

~—=— CONSTANT CURRENT IN OPEN WATER (STATEMENTS 513-516) -——
FOR A CONSTANT CURRENT, UX(1,1) = X-~COMPONENT;
Uy{(1,1) = Y-COMPONENT, M/SEC

WRITE (6, 514)

IC=y

FORMAT (71X, 40HINPUT CONSTANT CURRENT SPEED UCX AND UCY,
/71X, 1BH(UNIT : METER/SEC))

READ (5, #, ERR=313) UX(1,1),UY(1,1)

- WRITE (1,316) UX(1,1),UY(L, 1)

FORMAT (//3X,41H3. THE CURRENT IS CONSTANT WITH MAGNITUDE, /
8X, SHUCX =,F12. 2, 2X, YHMETER/SEC, /
8X, SHUCY =, F12. 2, 2X, FHMETER/SEC)

0 TO 600

WRITE (6, 518)

FORMAT(/1X. 35HIS CURRENT A FUNCTION OF TIME ? Y/N)

READ (3, 12, ERR=517) ICH

IF(ICH EQ. ‘Y’) @0 TD 320

—~—— CURRENT IS A FUNCTION OF LOCATION ONLY —--——
(TRANSFERS TO S32 FOR INPUT AFTER PRINTING OUT LEGEND)

IC=2

WRITE(1, 519)

FORMAT (//5X, 40H3. THE CURRENT IS NOT A FUNCTION OF TIME/
8X, 44HHOWEVER IT DOES CHANGE WITH SURFACE POSITION)

@0 70 S22

WRITE(&, 1001)

FORMAT (/1X, 40HIS CURRENT A FUNCTION OF TIME ONLY ? Y/N)

READ(S3, 12, ERR=520) ICH

IF (ICH EG. 'Y’) @O0 TO 1020

2T R RS e R R R N Y R R S e e S e S SR A S St e e s L
G0 TO 1020 WHEN CURRENT = F(TIME AND SPACE)
E e a2 2 2R R ey e e S e e S A i e LSt E s

IC=4

WRITEC1, 1005) .

FORMAT(//%X, 41H3. THE CURRENT IS A FUNCTION OF BOTH TIME,
/8%, 13H AND LOCATION)

Q0 TO 532

IC=3

WRITE(1, 1023)

FORMAT (//5X. 39HTHE CURRENT IS A FUNCTION OF TIME ONLY. )

~-—— CURRENT SPEED VARIED WITH TIME AND/COR LOCATION ———

e T e e e Sl Ll e R S S s S Al s
WHEN CURRENT = F(TIME) ONLY, THE CURRENTS ARE:

UX(1, 1) = X-COMPONENT AT TIME T(I), M/SEC

Uy(i, 1) = Y-COMPONENT AT TIME T(I), M/SEC

TI(D = SPECIFIED TIMES (10), SEC .
O T e T e e Y Y R S e S R ST RS R R e S R s sl
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0179
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0181
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o18%
0186
0187
o1as
0189
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0191
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0196
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0199
0200
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S21
S22

524
825

S=6

Sze

' %30

OO0

533

534
39

WRITE (&, 522)

FORMAT (//35X, 41HGIVE TIME AND X.Y CURRENT AT 10 INSTANTS. /, 5X,
SOHTHE MAXIMUM TIME MUST BE AT LEAST AS GREAT AS LAST/3X
23HPRINT-0UT TIME REQUESTED. , 26HTIME SHOULD BE IN MINUTE

DO 325 I=1,10

READ(S, #, ERR=520) TI(I),UX(1, ). UY(L, I}

DO 824 U=2. 10

UX(J, 1)=Ux(1, 1)

CONTINUE

CONTINUE

WRITE(1, 526)

FORMAT(/, 10X, FHTIME(MIN), 11x.9HUX(H/SEC) &X, YHUY (M/SEC)}

DO 530 I=1,10

WRITE(1,3528) TI(I),UX(1,1),UY(L, 1)

FORMAT (10X, E15. 1, 83X, F10. 9, 5X, FIO S) .

TICI)=TI(I)#&60.

CONT INUE

COTO 4600

e et R R T TR R ey e e T S e e S e
STATEMENTS 332-600 CIVE INPUT WHEN CURRENT = F(SPACE). IF
CURRENT IS ALSO A FUNCTION OF TIME, A DO-LOOP IS SET UP TO

CIVE INPUT AT 10 TIME INSTANTS.
I R R R L R R R T R R e e S e S R S R S e T S S S ety g

WRITE (&, 333)
FORMAT (//5X, SOHIF A LAKE, THE X,Y CURRENT MUST BE GIVEN AT CE! -

$R/SX, SOHOF 9 RECTANGULAR BOXES (3X3 QRID) THAT COVER LAKE. /5X,
$49HIF A CUAST, THE X,Y CURRENT MUST BE GIVEN FOR THE/3Y, 71HT Y-
$CES THAT EXTEND QUT FROM THE 10 X, Y POINTS DESCRIBINC THE COAST

IF (SHAPE. CE. 3. 0) @OTD 347

WRITE (4, 535)

FORMAT (/5X, 46HGIVE THE 4 X-COORDINATES (HETERS) THAT SPECIFY/
44HTHE HORIZONTAL ORID. THE FIRST AND LAST MUST/SX,
37HCOINCIDE WITH THE LENCTH OF THE LAKE. )

EZ Y R R R R e N s r SR R S R e R Y
STATEMENTS FROM HERE TO 535 ARE DO-i.00PS TO SPECIFY THE QRID
FOR THE CURRENTS. XU(I) AND YU(I) ARE THE QRID FOR A LAKE BE

YU(4) O # O # O # O
* 7 # 8 % 9 &
O # 0% 0 #0
*® 4 %5 » b »
O # 0O * 0 » 0O
#* 1 2 # 3 %

YU(1) O » O % O % O
XU(l) XU(4)

FOR A COAST THE GRID 1IS:

* = . .
T
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0201
0202
0203
0204
0205

0206
0207
0208
0209

0210

0k11
0212

C13
014
0215

0216
0217
0218
0219
o020

o221
o222

0223
0224
0225
0226

O0O0O0DO0000O0000

837

$38

540

S42

543

547

548

350

SS2

851
559

360
561

OO0O0O000

R) =

LR R R

# 1 # 2 # 3 # AND S0 ON

» » ) -

* » - [0}

* * O#eXU(4) .
* - One YU(4)

Q%

xXucl)

YUu(1)

EA 222 22 ot 2 a2 sl ol ad sttt il ot d sty s I

DO 537 I=1,4

READ(S, #, ERR=334) XU(I)

CONTINUE

WRITE (&, 338)

FORMAT(/5X, 38HNCW QIVE THE 4 Y-COORDINATES (MESTERS). /5X,

S6OHITHE FIRST AND LAST MUST COINCIDE WITH THE WIDTH OF THE LAKE

DO 540 I=%,4

READ(S, #, ERR=534) YW(I)

CONTINUE

WRITE (1, 342) (XU(I), I=1, 4)

FORMAT (/ /35X, 43HX~COORDINATES OF HWORIZONTAL GRID IN HETERS /71X

4(E12. 5, 2X))

WRITE(1, 543)(YU(I), I=1,4)

FORPMAT(/3X, 41HY-COORDINATES OF VERTICAL GRID IN METERS: //1X,

S(E12. 5,2X))

¢0TO 551

WRITE(S, 348)

FORMAT (/5X, 47HCIVE THE 10 X-COORDINATES (METERS) THAT SPECIFY/ .
35X, 31HTHE 9 SLICES. THE FIRST AND LAST MUST COINCIDE WITH/SX,
24HTHE LENCTH OF THE COAST.)

DO 330 I=1,10

READ(S, #, ERR=547) XU(I)

CONTINUE

WRITE(1, 352) (XU{I), I=1, 10)

FORMAT (53X,

47HX-COORDINATES THAT FORM THE 9 SLICES IN METERS: //1X,

S(E12.5,2X)/1X, S(E12. 5, 2X))

WRITE (b, 555)

FORMAT (/35X, 49HINPUT UX AND UY CURRENTS(M/SEC) FOR EACH OF THE §
/75X, 494BOXES OR SLICES. BOXES ARE NUMBERED LEFT-TO-RIGHT/
SX, 51H1, 2, 3 IN BOTTOM ROW, 4,5,4& IN MIDDLE ROW, AND 7,8, 9%/
35X, SIMIN TOP ROW. SLICES FOR A COAST ARE NUMBERED 1 TO 9./
5X, SIHLEFT-TO-RIGHT. IF THE CURRENTS ALSO DEPEND ON TIME, /
5X, 47HMYOU WILL BE ASKED FOR 10 SUCH SETS OF CURRENTS. )

I=1

IF(IC. EQ. 2) @OTO 563

WRITE(&, S561)1 .

FORMAT (/5X, 21HCURRENTS FOR NUMBER . I3, 1X, SHTIME. )

a2 TR R R e Y TR R R S Ry S S S S T e Y e st St
THIS IS THE DO-LOCP WHEN CURRENT 1S ALSO A FUNCTION OF TIME.
TI(I) = TIME INSTANTS (10). CURRENTS ARE:

UX(J, I) = X-COMPONENT, M/SEC
UY(J, I) = Y-COMPONENT, M/SEC

T
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c J = BOX OR SLICE NO.
c I = TIME NO. .
C R il 2222 0T 2T 2R YE S eyt eyl s sy
: ¢
0227 $63 DO 564 J=i,9
0228 READ (S, #, ERR=SS1) UX(J, I),UY(J I)
0229 . 564 CONTINUE
l 0230 © IF(IC.EQ.2) €OTO 580
0231 I=I+1
( ' 0232 IF(I.EQ. 11) GOTO %70
/ , 0233 ¢0TO 560
; 0234 570 WRITE(&, 371)
« 0233 571 FORMAT (/5X, 42HNOW GIVE THE TEN TIME INSTANTS IN MINUTES. )
0236 572 DO 375 I=1, 10
0237 READ (S, #, ERR=570) TI(I) .
N 0238 575 CONTINUE
. 0239 580 I=1
| 0240 - - IF(IC.EQ.2) GOTO 590
g 0241 s82 WRITE(6, 385) TI(I)
. , 0242 583 WRITE(1,38%) TI(I)
0243 sas FORMAT (//20X, SHTIME=, E12. %, 1X, 7ZHMINUTES)
0244 TICI)=TI(])*60.
0245 550 WRITE (&6, 593)
0246 591 LRITE(1, 393) '
0247 893 FORMAT ( /20X, S2HUX (M/SEC) AND UY(M/SEC) IN THE NINE BOXES OR SL.
$ES. )
0248 WRITE (&, 554)
‘ 0249 WRITE(1, %94)
. 0230 594 FORMAT (10X, 1H1, 7X, 1H2, 7X, 1H3, 7X. 1H4, 7X, 1HS, 7X, 1H&, 7X, 1H7, 7X, 1HE
s 7%, 1H9)
0251 WRITE (&, 39%) (UX(J 1), =1, 9)
02%2 WRITE(1, 9%)(UX(J, 1), Jm1, §)
» 0233 WRITE(6&, 396) (UY(J, 1), Jm1, 9)
02%4 WRITE(1, 396)(UY(J, 1), =1, 9)
0255 395 - FORMAT(1X, 2HUX. 2X, 9(3X, F3. 2))
7 0256 596 FORMAT (1X, 2HUY, 2X, 9(3X, F5. 2))
' 1 0237 IF(IC. EQ. 2)60TO 600
: 0298 I=I+1
! 0299 IF(I. EQ. 11)60TO 600
. ; 0260 ¢0TO 582
o 1 0261 600 CONTINUE
i j 0262 602 WRITE (&, 605)
; 0263 605 FORMAT (/1X,31HIS THERE WIND IN THE AREA ? Y/N)
0264 READ (S, 12, ERR=602) ICH
, ; 0265 IF (ICH.EQ. ‘Y’) €0 TO 700
¢ ' 0266 WRITE (1,610
| 0267 610 FORMAT(//%X, 32H4. THERE IS NO WIND IN THE AREA. )
v ! 0268 €0 TO 800
.y , | 0269 700 CONTINUE
\ c
: ¢ ~——— CALL SUBROUTINE TO CALCULATE TRANSPORT
| < VELGCTIY DUE TO WIND
. ‘ c
- | 0270 CALL WIND
' 0271 G0 TO 999
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C
c SUBROUTINE WIND
c
(ol ofodof el ofof of ol of f o of of of T ol { f S of of of of ] od of el of o] of ol o o ] oF f of f o T of of of e Y el o] o o F St el f ] of o] of e of f f F o f X L o o1 o
c
c THIS SUBROUTINE INPUTS THE WIND VELOCITY AND WAVE HEIGHT. . IT
c 1S CALLED BY SUBROUTINE *“WBS". 1T SETS UP THE FOLLOWING CODE:
C )
c IW = 0 : NO WIND
c IW = 1 : CONSTANT WIND
c I = 2 : WIND = F(TIME)
c
0001 SUBROUTINE WIND
0002 . , COMMON/CONTOUR /SHAPE, X(10), Y{10), XC, YC, IC, IW, ISP, X0, YO |
0603 COMMON/ENVOR /PV, VISA, DENA, TDC \
- 0004 COMMON/TRANSIT/UX (10, 10), UY (10, 10), VWX (10),
‘ 1 VWY (10), THETA(10), T1(10}, 1D, 1T, 1V,
2 XU{10), YUC10), TT(10)
0005 COMMON/CONSTAT/UC, VW, UTBAR, UO, UL, WT, ALPH, THETAL
0006 COMMON/SIZE/R, D, WiW, L1, L2, H, RO
C .
0007 PI=ACOS(-1.)
1 0008 I = SHAPE
00095 1. WRITE (&, 10)
0010 10 FORMAT (/1X.27HIS WIND SPEED CONSTANT? Y/N)
0011 READ (5,12, ERR=1) ICH
o012 12 FORMAT (A1)
0013 IF (ICH.EQ. 'N‘) €0 TO 40
0014 IW = 1 ‘
0015 14 WRITE (6,1%) ‘ .
c
C Q*i’i’i%{’{{’-}fi#{’i’*GQQQi{Qiil'Qi"l‘Q*Q&’{Q{Q{*Qii*l***ii****{i
c CONSTANT WIND ~——-—
c VW = WIND SPEED, M/SEC
c THETA: = WIND ANGLE WITH RESPECT TO X-AXIS OR \
c CHANNEL AXIS, RADIANS
c VWX (1) = X-COMPONENT OF VW
¢ VWY (1) = Y-COMPONENT OF VW
C L2 2 ST 22 2PER LRSS S S ERYRE LSS SRS S SRS RS2 E RS2 S S 2 l 2TS2 Lt \
c
0014 1% FORMAT (/1X, 42HINPUT WIND SPEED (METER/SEC) AND DIRECTION,
1 /1%, 1SHANGLE (DEGREES))
0017 READ (%, », ERR=14) VW, THETAL
o018 20 WRITE (1,21) VYW, THETAIL
0019 21 FORMAT (//%X,3%H4.  THE WIND IS STEADY WITH SPEED OF, F12. 2. 2X,
1 9HMETER/SEC, /8X, 13H AND ANGLE OF, F12. 2, 2X, 7HDEGREES)
0020 THETA1=THETAL1*P1/180.
0021 IF (1 _EQ. 1) 60 TO 150
0022 VWX (1) = YW # COS(THETAL)
023 VWY (1) = YW # SIN(THETAL)
0024 TWIND = VW
0025 €0 TO 150
c
C LY T 2 2PRY PRI T T YTV WEIREEPFETTFELIEIE I SI LSS 242 2 22 s n s b ot 2t L)
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0026

ooze
o029

0031
0032

0042
0043

0044

—==< WIND SPEED VARIES WITH TIME ——

SSHBUT IS CONSTANT OVER ENTIRE mREA. USE 10 TIME INSTANTS, /
1X, SOHAND LAST TIME FUST BE AT LEAST AS OREAT AS MAXIMUM/1X, |
S3HPRINT-QUT TIME. INPUT TIME (MIN), WIND SFEED (M/SEC),/1iX,
30HAND DIRECTION ANGQLE (DEQREES).)

DO 64 I=1,10

c
C A 10 o B A I 4 0 10 P 1 3090 1 DD TP A 4 404045 B B T 214 0 2
c ! a
40 CONT INVE
IW =2 .
I = SHAPE .
A G0 TO (50,60,60) I
c
C P AT Y E A A EY YL S S S S AR A Sl S A s sl Y]
c I = 1 : RIVER
c I « 2 OR 3 : LAKE OR COAST
C L J 2T T TR S S Y A s S el st s 2 s el ]
c . ~ '
50 CONTINUE
c
c ——= IN RIVER OR CHANNEL ——-— : N
c
51 WRITE (&, 52)
52 FORMAY (1X, 4OMWIND SPEED OVER CHANNEL DEPENDS ON TIME. /1X,
$ 6BHINPUT TIME (MIN), WIND SPEED (M/SEC), AND DIRECTION ANGLE (Df
SGREES). /1X, S2HUSE 10 TIM. INSTANTS, AND LAST TIME MUST BE AT LEAS'
8/1X, 35HAS GREAT AS MAXIMUM PRINT-OUT TIME.)
c ;
q L2 T TR T TR R RERCES R ORI R A R Ry e A 2 2 Y 2 2 2 S S 22 2 S 2 L A 2 L 2R
c FOR WIND = F(TIME) : !
c VWX (1) = X-COMPONENT AT TIME T(I), M/SEC -
c VWY(I) = Y-COMPONENT AT TIME T(I), M/SEC
c TT(I) = TIME INSTANT (10), SEC
c THETA(I) = WIND ANGLE WITH RESPECT TO X-AXIE OR .
c CHANNEL. AXIS, RADIANS ;
c :
c NOTE: IN THE INPUT, WWX(I) IS USED TEMPORARILY TO INPUT
¢ THE WIND SPEED, THEN X AND Y COMPONENTS ARE CALCULATED
¢ INTERNALLY. ;
C ta2 a2 222222222ttt s R2e s D) reryrgrrererRTe et 2 TS 2 S A R L P S 2 S T 2 S 2 2 ol
C ) i
DO 54 I=1,10 5
READ(S, #, ERR=S51) TT(I),VWX(I), THETA(1) ;
THETA(I)=THETA(I)#P1/180. b
Vi=UWX (1) 3
THETAL=THETA(1) , ' j
VWY (1) =X (1) #SIN(THETA(I)) ;
VWX (1) =VWX (1)#COS(THETACI)) |
s4 CONT INUE
GOTO 100 L
c i
c ———w IN OPEN WATER —— ,
¢ {
60 WRITE (&, 62) -
62 FORMAT (1X, 4SHWIND SPEED OVER LAKE OR COAST DEPENDS ON TIME/1X,
i

L X N X |
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READ(S, #, ERR=60) TT(I), VWX(I), THETA(I)
THETA(I)=THETA(I)#PI/180.

V=X (1)

THETAL1=THETA(1)

VWY (1) =UWX (1) #SIN(THETA(I))

VWX () =X (1) #COS(THETA(L))

CONTINUE

WRITE (1,102)

FORMAT (//5X,35H4. WIND SFEED IS A FUNCTION OF TIME//
8X., 4HT IME, 10X, OHWIND SPEED, 10X, YHDIRECTION)

DO 110 1 = 1,10

THETA(I)=THETA(I)#180. /P1

TWIND=SQRT (VWX (1) %22 + YWY(1)##2 )

WRITE(1, 103)TT(I), TWIND, THETA(I)

FORMAT (39X, F10.2,7X, F10. 3, 9X,F10. %)

THETA(I)=THETA(I)#P1/180.

TT(I)=TT(1)#40.

CONTINVE ‘

CONTINUE
e0T0(299, 199, 199), I

WRITE(4, 200)
FORMAT (/1X, JOHINPUT MEAN WAVE HEIQHT. (METER)/

1X, 4SHDEFAULT VALUE (EQ. (1I11.32) OF REPORT) 1S USED/1X,

16HBY INPUTTING -1.)

READ (S, #, ERR=199) H

IF(H. LT 0. ) H=0Q Q1364#TWIND

WRITE(1,210) H

FORMAT (/8X, 19HMEAN WAVE HEIQHT IS, Fé. 2,2X, 6HHETERS)
RETURN

END

-~y -
.



